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ABSTRACT
Thisstudyfocusesontheevolutionof lighting,bothnaturalandartificial,andits
effectson space.Thetwentiethcenturyis takenas a focaltimeperiod,whichhad
witnessedgreatdevelopmentsin lightingfieldthatcausedinevitabletransformationson
spaceandspatialconcepts.Theevolutionof artificiallight,thesignificantinnovations
in buildingtechnology,andthenewrequirementsformedunderthedesiresof a new
societyareexaminedintheirrelationtoarchitecturalcontextwithrespondto lightand
lightinginspace.
Theresearchincludescasesfromarchitecturalndartisticworld,andtriesto
investigateheroleof lightin thebuiltenvironment.Thesecasesareexaminedin a
comparativeway,consideringthepsychicalandexperientialcharacteristicsof lightin
ordertodefineitsmeaningforspace.
Thestudyconsistsof twoparts.In thefirstparttheprocessof theevolutionof
lightingin the twentiethcentury,its positiontoday,andthe social,cultural,and
technologicalalterationsare examineddeterministically.The secondpart is a
classificationof casesunderthe guidanceof someconcepts,whichdefinesthe
interactionof lightandspace.
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CHAPTERl
INTRODUCTION
1.1.DEFINITION OF THE PROBLEM
"...Light is theorigin of all being...Lightgrantsautonomyto thingsand,at the
sametime,prescribestheir relationships...Light: the creator of relationshipsthat
constitutetheworld;yetalthoughtheoriginof all being,it is bynomeansan immobile
source.Light is, rather,tremulousmotion- out of its ceaselesstransformation,light
continuallyreinventstheworld.."
TADAO ANDO (Daleo1996)
It is clearthat "light" is one of the mainconceptsof architecture.Light and
architecturehavehadcloserelationshipsincethebeginningof time.For ageslighthas
beenusedin variouswaysin orderto defineandformarchitecture.It hasbeenmostly
usedliterallyto providevisionandto establishperceptualrelationshipsbetweenman
andphysicalbackgroundand also as a vehiclefor religiousmysteriesto set up the
requiredrituals,whicharenecessaryfor devotion.Light hasalwaysbeena geniustool
forspacedesign.
The inventionof electricityat theendof the 19thcenturyinitiateda newerafor
light- spacerelationship.Electriclightingbecameanimportantwayto illuminatespace
and,withthedevelopmentof technology,newmaterialsandlightingsystems,designers
hadanunlimitedrecoursefromwhichto choose.And thedevelopmentof lightsources
andlightingtechniquesmadegreatchangesin spatialdesignandin themeaningof the
tenn"spacequality". This processof technologicaldevelopmentledarchitectureto a
neweraof newconceptstoday.Lasertechnology,holography,projectors,lightas art
techniques,illusions,and mediarchitectureare all amazinginnovationswhich force
designersto rethinkand rewritethe spatialconceptand its principlesand led to an
stunning,surprisinganddynamicarchitecture.
During the 20th century,daylighting in architecturehas also enteredinto a
transformationperiod. The industrialrevolutionand the modernmovementbrought
with it new spatial requirementsand a new understandingof articulatingspacethat
causeda shift from symbolicuseof light to a moreliteral useof light in architecture,
whichmeansillumination.
The ageof industrialization,newbuildingtechniqueswith thenew materialsfor
building- glass,thethin steelframe,andso forth- andthephilosophyof thesocietyof
this modern age changedthe way architectsused to expresstheir time through
architecture.Glass facadeswithin thesteelframesallowedas muchlightas possibleto
penetratethe interiorspace.Light was usedto expressthearchitecturalphilosophyof
thetimeof new technologiesand materialswith a rejectionof history.Shadowswere
disappearedundera belief,camewith themodernmovement,thatmodernworld must
beilluminated.
Figure 1- 1Chicagoatnight(Thomsen1994p169)
Figure 1-2 Shanghai(FOL 9)
Today it is possible to see the reflections of the modern dogma and its
philosophy,which is supportedand becamestrongerwith the increasingtechnology.
The facadesturned into filigrant pellicles and the ideal way without barriers into
interiors.Technologyallows lightto reachtheverydepthsof a buildingwithouta direct
connectionto theoutside.It is possibleto render,textureandcolorthebeamdueto the
2
lots of equipmentofferedby technologicaldevelopments.Citiesappearat nightas
piecesof nightarchitectureof lightandcolor.Artificiallighthasbecomeundeniably
oneof thebasicneedsinhumanlife.Thiswascontestedbysomegroups,whichclaim
thatlightcausesvisualpollutionanddisabilityfor somerituals,suchasbeingableto
seetheskyatnight.A livingarea(calledprotectionareaagainstartificialight)was
plannedandrecentlyconstructedin Torontoby CanadianGovernment,whereno
artificiallightwasused(BilimCocuk2000p4).
Todayotherintentionsin lightuse,suchasthemysticalandpoeticuse,also
exist.An understandingof creatingspacesandspatialeffectswithlightandshadowina
sensitivemanner,withrespecto thebasicperceptiveandpsychologicalhumanneeds
andwhichhasonlybeenseenin religiousarchitecture.The aimseemsto definethe
spatialrelationswith lightin thatkindof a mannerby enhancingtheimportanceof
experiencingarchitecture.
It is clearthatilluminatinga spaceis nottheresponsibilityonlyof anarchitect.
Lightinghasbeen(or mustbe)a cooperationof severaldisciplinesincethemiddleof
thefirsthalfof thecentury.Lightengineeringthatmadetheagendainthetwentieswith
thedevelopmentof lightingindustryhasbroughtwithit its ownrulesandprinciples,
whichstandonquantitativebasicsandwhicharenotmuchrelatedtorequiredconcepts
suchasperceptualpsychology.It isnotpossibletodefineagoodilluminatedspacewith
onlyquantitativet rms.Sincearchitectureis an artof experiencing,otherconcepts,
whicharedeeplyconnectedto thehumanspirit,mustalsobetakenintoconsideration.
Lightingisasubjecthatrequiresknowledgeinengineering,psychologyanddesign.
1.2.DEFINITION OF THE STUDY
Spaceand its conceptshavebeenchanging.Lightinghas also beenin a
transitionprocessinceages.Oneof thereasonsfor thischanginginspaceandlightuse
is themutualinfluencebetweenlightandspace.Thisstudyis aimedatrevealingthat
theinventionof electricityandtheuseof artificialightin architecturehasmadethis
influencestronger,andhasgivenit animpetus;thatlighthasa dominantcharacterin
architecturalspacedesignandchangingspaceconceptsthroughthecentury.It is also
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aimedatanalyzingof thefragmenteduseof lightin thelate20thcentury,showingthe
transitionalprocesswiththetechnological,socialandculturalturningpoints.
As mentionedbefore,lightandspacearein a relationshipin a waythatlight
definesandsetsup therequiredrituals.Whatis therole of lightin settingup the
requiredrituals?Whatarethemainconceptsor thein-betweenpartsin thelightand
spacerelationship?Thequestionshereareimportant,sincetheyformthebasisof the
bodyofthethesis.It is aimedatfindinganswerstothesequestions.
1.3.MEmODOLOGY
This studywill focus on the 20th century,whichwitnessedan important
transitionalprocessbasedmainlyontheinventionof electricityandtheuseof artificial
lightin architecture,andthedevelopmentin lightingtechnologies,andotherindustries.
Thatinfluencestill remainstodayandit seemsit will remainandgrowstrongerin the
future.Thislimitationdoesnotmeanthatthehistoricalbackgroundof lightandlighting
isnotapartof theresearch.Thehistoricalreferenceshavebeentakenintoconsideration
for somethresholdsin thetwentiethcentury,whichseemto havean effectiverole
especiallyinthelastdecadeof it.
Architecturalndartistic aseshavebeenconsideredasimportanttoolsin order
toshowtheinteractionof lightandspace.In thisrespectlotsof buildingsandartworks,
relatedto lightandto technologyderivedfromlight,areexamined.Theresultswere
classifiedunderthe guidanceof someconcepts,whichformsthe answersto the
questionsabove.The examplesare deliberatelychosenfrom the westernculture
becauseit is in theWest,whereartificialightwasborn,andwherethetransitional
processof spaceconceptscanbe bestobserved.Someof themwerevisitedon site,
experiencedin thelightof theideasrelatedto lightanditseffectsonspaceandspatial
relations.Therestareexaminedthroughbooksandperiodicals.Photographs,andtwo
andthree-dimensionaldrawingsweretheeffectivetools usedin orderto reachan
analysis.
Theresearchincludestwochapters.Thefirstpartdealswiththelongprocessof
lightingdesignandits components,whichweresetup duringthe20th century.The
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adventurethathadbegunwiththeinventionof thelightbulb,whichis a turningpoint
for architecture,and led to lasertechnology,holography,mediaarchitecture,and
intelligentarchitecturetoday,is examinedwithitstechnicalingredientsandeffectson
architecturalspace.Besidesthedevelopmentof lighttechnology,thesocial,cultural,
andeconomictransformationsi thesociety,suchastheModernMovement,andWorld
Warll, whichareconnectedto or haveaneffectiveroleonspatialcreations,alsoon
lightuse,havebeentakenintoconsideration.Ideologyandtechnologyhaveenjodeya
symbioticandreciprocalrelationship.Howevertheuseof technologycan,andhas,
oftendeviatedfromtheoriginalideology.Thesearealsoapartof thecontentof thefirst
part.Thelastdecadeof 20thcenturyhasbecomea fragmentedcharacterthroughthe
technologicaldevelopmentsandthechangingunderstandingof articulatingspace,asit
wasmentionedbefore.Ononesidetherearetheexperimentalworksasaresultof anew
understandingof space,whichis calledmediarchitecture.Ontheothersideit ispossible
to seea modernistkind of articulatinglight, which is madestrongerwith its
technologicalbackground.On anothersideonewitnessesthespiritualuseof light,
which is based on historicalreferencesand local traditions.These varying
understandings,andthetransitionalprocessthatledtothesekindsof articulatingspace,
areexaminedinthefirstpartof thisresearch.
Thesecondpartseeksanswersto thequestionsaboveconnectedto lightand
spatialrelations.Severalarchitecturalndartisticworksaregroupedundertheguidance
ofsomeconceptsderivedfromtheeffectsof lightinspace.Thesecondpartbeginswith
a sub-partthatdealswithperceptualpsychology,whichis reallyimportantasa basic
knowledgein understandingand explainingthe illuminatedspaceand the crucial
relationbetweenilluminatedspaces.This partfocuseson theimportanceof lightin
spatialperception.It is well knownthata singlespacecanbe perceivedin varying
moodsas the lightingconditionschange.So it is possibleto perceptuallycreate
intendedsituationsin a spacethroughlight. A changein perceptionmeansa
restructuringofspacethatcanalsoaffecthewaythatit is experienced.
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CHAPTER 2
A GENERAL OVERVIEW ON THE EVOLUTION OF
LIGHTING
2.1.INVENTION OF THE ELECTRICITY
It is obviousthatthe inventionsof theelectricityand incandescentlight bulbare
themostimportantinnovationsin lightingdesign.It is possibleto dividethehistoryof
lightingin two partsas "beforeelectricity"and"afterelectricity".Electricity hadgreat
impactson thearchitecturalightingandon changingspaceconcept,which is still in a
transformationperiodtoday.It hasbeguna new eraat theendof 19th century,with its
ownconceptsandlanguage;whichhasledtoan illuminatedworld of technology.
Figure2- 1Edison Station(http://www.escape.ca/-williams/history.htm)
Beforeelectricity,thebestsourcefor illuminationwas gas.However it was far
from being convenient. It was dirty, unhealthy, uncomfortableand dangerous.
Moreover,itsmaindisadvantagewasthatit couldnotserveasa sourceof powerfor the
applianceswe usetodaysuchas computers,refrigerators,washmachinesandso forth.
In 1876,at thePhiladelphiaCentennialExhibition,a few arc lightswereshown.They
wereverybrightand suitablefor only largeopenspaces.Three years later, in 1879,
ThomasEdisonannouncedhis inventionofthe incandescentlightbulb anda neweraof
lightinghistoryhasbegun.!However,ThomasEdison is notthe inventorof the ideaof
I ForfurthereadingsonthecomplexcircumstancesbehindEdison's invention:
Inventionof thelightbulb,http://www.ushistory.net/toc/electricity.htmlandJ. L.
Nuckolls,InteriorLightingfor EnvironmentalDesigners,(John Wiley & Sons,New
York, 1983)
theincandescentlightbulb.Hejust wasthefirstto makeit practical.The inventorof the
idea is Sir Joseph W. Swan from England. In 1882,Thomas Edison had openeda
centralstationon Pearl Streetin Manhattanandwas supplyingelectricityto a one-mile
squaresectionof New York. It was now possiblefor designersto useartificial light in
buildings.The AuditoriumBuilding in Chicago(1887-90),designedby Louis Sullivan
andDankmarAdler worthmentioning,becauseits herethatelectriclight was usedfor
thefirsttimeasa designfeature.AnnaMassey,in hisbook,says:
"...Theimpressive'goldenarches'whichspanthetheatre-interiora edecorated
in an eclecticstyle,with lusciousgildedplantformspickedoutwith electriclight
bulbs..."(Massey 1990p49)
Figure 2- 2 Sceneof theAuditorium Building (Massey 1990p49)
Figure 2- 3 The Edison Tower of Light in theColumbian-Chicago Exposition
(http://www.bc.edu/bc_org/avp/cas/fnart/fa26711893fair.html)
The Expositionswereandstill arethemainplaces,wherethenewtechnologies
aswell asthelightingindustrymeetthepublic.The Columbian-ChicagoExposition in
1893pointeddifferentwaysof usingartificial light in buildings.GeorgeWestinghouse
wasthelightingmanagerof theExposition.The mainbuilding of the Expositionwas
"The EdisonTower of Light", which was twenty-fivemetershigh and was wrapped
withmirrorsand incandescentlight bulbs,which flashedin changingpatternsof color.
A replicaof an incandescentlightbulbwas placedto thetop,which is constructedfrom
thirty thousandprisms. Outside, all the waterwaysand buildings were lit with
incandescentlight bulbs. The bulbs in differentcolors, activatedin the night, were
creatinga stunningview in an avant-gardemannerfor thattime (Marvin 1998p171-
172).
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Figure2-4PalaceofElectricity(A+U307)
Figure2- 5 Porticus(A+U307)
The Porticus(ReneBinet) andPalaceof Electricitybuildings,built for theParis
WorldExpositionof 1900,wereamongtheearlyexamplesof buildings,thatwerebuilt
to seehow artificial light and spacecan stick togetherby creatingmarvelouslight
effects.ChristianW. Thomsenwrote:
" In daylightheybothrepresentedthatexoticfairy-taleeclecticismthisexpo
becamenotoriousfor; in theeveningtheybothrevealedtheirsecondnatureaspiecesof
lightarchitecture...ReneBinet'sPorticus,coveredbythousandsofblueandgreenlight
bulbs... seemedto somejournalistvisitorslike a bizarreethnologicalabsurdityand
monstrosity.As soonas it grewdarkandthelightbulbsbeganto shine,Porticus
changedintoaglimmeringbodyof lightasif it wereemanatingfrompreciousstonesor
fromthecoloredglazeof exoticlamps.ThePalaceof Electricityat night,presented
itselflikea jewel, glowingand radiatinglike an enchantedcastle.Differingfrom
Binet'sPorticus,whichalwaysshimmeredin thesamecolors,a livelycontinuously
changing,almostbreathinglight eventhappenedin the Palais... But the real
fascinationoriginatedfromthebuildingsowninteriorandexteriorlighting.Thefar;ade
wascoveredwiththousandsof lightbulbs,whichcouldbeactivatedfrom a central
desk.Thelightfar;adecouldgleamin onesinglecolor: red,blue,orange,amber.It
couldalsobedissolvedintocomplementarylight-lightdots.Thebuildingsimmense
impactwasbaseduponthefactthat,in thiscase,architecturewasnotilluminatedfrom
theoutsidebutbecamein itselfthesourceof lightandcolor". (Thomsen1996api 05-
106)
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As it wasmentionedbeforea newerafor architecturehadbegun.Cities became
anewcharacterthroughtherising useof light.Architectswereexcitedbeforethe new
technology,thatmadelotsof thingspossibleandtheywerewilling to learnandusethe
widecapabilitiesof lightingtechniquesin theirexperimentalarchitecturalworks.
2.1.1.THE ELECTRIC LAMP
Throughmostof humanhistory,activitiesrequiringgoodlightwerereservedfor
daylighthours.This wasnotonlybecauseof thepoorqualityof theavaiblelightsources
butalsobecauseof theexpense.Oil lampsandcandles,themainsourcesof light were
soexpensivethateventherich peopledid not usemorethana coupleof hours.During
theeighteenthand early nineteenthcentury,the whaling industryexistedmainly for
supplyingoil and wax for lighting needs.The importanceof whaling declinedin the
middleof thenineteenthcenturywhen kerosene,extractedfrom petroleum,becamea
sourcefor lightingneeds.Coal gas was an importantlight source in the nineteenth
century.It was acceptedboth at outdoorsand indoors.The light that is produced,
however,was not much betterthan from the oil lamps, until the inventionof the
mineral-impregnatedmantlein the 1880's? Since gas lighting,evenwith the mantle,
causedhighlevelsof heatandair pollution,it waseasilyreplacedby electriclightingat
thebeginningof thetwentiethcentury.
2 " ... Thegasmantleconvertedthegasflametoa spectrummorecloselyapproximating
"white"light,andthisprinciplehaschangedlittleupto presentday,althoughhigher
efficiencieshavebeenobtained..." (Philips 1969p72)
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INCANDESCENT LAMPS
The principledependson an electriccurrentpassingthrougha wire. The wire,
becominghot, produceslight. Carbon wire was used first by incandescentlamps.
Modernincandescentsourcesusetungstenwire since 1907,andefficiencieshavebeen
greatlyincreasedwith thismethod.The efficiencyof thetungstenlampis limitedby the
temperatureof thetungsten.Boththelightoutputandthelife of the lampareaffectedby
thetemperatureof the filament.Increasesin temperatureimprovethe light output,but
reducethelife. The averagelife of an incandescentlampis about1000hours.The range
of incandescentlampsis extensive,andnew lampsarebeingdevelopedfor extraneeds
stilltoday.3
DISCHARGE LAMPS
A major improvementin electric lightingcamefirst with the developmentof
fluorescentlampandthenwith thedevelopmentof high-intensitydischargelamps.All
oftheselampsarebasedon a principleknownasdischarge,wherean ionizedgasrather
thanasolidfilamentemitslight.Dischargelampsconsistof anenvelopecontainingtwo
electrodes,thelightproducingelementanda gas.Electricityflows fromoneelectrodeto
anotherthroughthe gas. The elementis usually on the walls of the tube. Light is
producedalongthe entirelengthof the arc. The natureof the elementdeterminesthe
characteristicsof thelamp.Mostly usedelementsaremercury,sodiumandneon.4
Fluorescentlampwasfirst introducedatthetwo world's fairs in 1939and 1940.
This introductionwas a great revolution for lighting field, since fluorescentlamp
producedmorelight at a lower costthanthe incandescentlamp.The fluorescentlamp
hasalsootherimportantadvantages.It hasa low surfacebrightness,its life is longer
3 Forfurtherreadingsontheincandescentlightsources:
D. Philips,Lighting inArchitecturalDesign,(Mc Graw Hill Company,New York,
1969)and
NorbertLechner,Heating,Cooling,Lighting-DesignMethodsfOrArchitects,(John
Wiley& Sons,NewYork, 1991)
4 Forfurthereadingsonthedischargelamps:
D. Philips,Lighting inArchitecturalDesign,(Mc GrawHill Company,New York,
1969)
10
thantheincandescentlamp,it canproduceshadowlesslighting,andit doesnotproduce
muchheatastheincandescentlampdoes.
Table2- 1DischargeLamps(Philips1969p79)
Descnption
Mercury clear ...........•......
:>[crcuryreflector .
White phosphor-coated mercury .
Color-improved phosphor-coatedmercury.
Semireflectormercury (~'lphosphor-coated)
RS sunlamp .
Caution yellow mercury .
Sodium .
\Yattage range I
100-3,000
100-1,000
175-1,000
100-1,000
700-1,000
275
400
45-280
Life, hours
6,000-9,000
6,000-9,000
6,000-9,000
6,000-9,000
6,000-9,000
1,000
6,000
4,000
Types and special features
Tubular or bulb shape depend-
ing on size; 125-watt size only
can have inside frosted
Aluminium or silvered reflectors
Better color than "white" mer-
cury lamps
Combinesl00-watt mercury
tube with 175-watt tungsten
filament in one envelope
Table2- 2 ColorDataonFluorescentLamps(Philips1969p82)
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NEON AND COLD CATHODE LAMPS
Neon andcoldcathodelampsarecloseto fluorescentlampsin principle.Besides
mercuryvapor,theselampsuseothergasessuchasneon,whichgivesoff redlight,and
argon,which gives off blue light. By using differentcombinationsof gases,colored
glass,andphosphors,a largevarietyof coloredlightsourcesarepossible.
The main advantageof these lamps is that they can be madeto almostany
desiredshape.Neon lampsare wired into place;cold cathodelampsusually fit into
sockets.Both lamptypeshavelong lives about25000hours.Neon and cold cathode
lampsarenot thealternativefor fluorescentlampsfor generallightingbecauseof their
lowerefficiencyand light output.A cold cathodelamp's light outputis half and the
neonlamp'slightoutputis a sixthof a fluorescentlampof equallength.Neon andcold
cathodelampsare appropriatefor applicationsthatrequirespecialcolors and special
shapes.Theyaremostsuitablewhentheshapeof the lampis closelyintegratedwith the
formof architecture,whentheshapeofthe lampis adesignelement.
HIGH-INTENSITY DISCHARGE LAMPS
The high-intensitydischargelampsareveryefficientlightsourcesthatarein size
andshapemore likely incandescentlamps.In all the high-intensitydischargelamps,
lightis emittedfroma smallarctubethatis insidea protectiveouterbulb.When light is
desired,phosphorsareaddedto the insideof the outerbulb.5There arethreetypesof
high-intensitydischargelamps:
· MercuryLamps6
·MetalHalideLamps7
·High-PressureSodiumLamps8
5For furtherreadingson high- intensitydischargelamps:
NorbertLechner,Heating,Cooling,Lighting-DesignMethodsfor Architects,(John
Wiley& Sons,NewYork, 1991)
6Theyhavepoorcolorrendition.Theyproduceaverycool light,rich in blueandgreen,
howevertheyarepreferredbecauseof theirlonglife (16to 24thousandhours)andlow
firstcost.
7MetalHalideLampsareappropriatefor stores,offices,schoolsandoutdoorswhere
colourrenditionis important.Theyareoneof thebestsourcesof lighttodaybecauseof
theirhighefficacy,long life (l0-20 thousandhours),verygoodcolorrenditionand
smallsizefor opticalcontrol.
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2.2.THE NEW CONCEPTS WITHIN THE MODERN MOVEMENT
The inventionof theelectricity,the incandescentlightbulbandthetechnological
wayof artificial lightingarenottheonly facts,which hadbroughtarchitectureto a new
era.It was the Industrial Revolution also, that broughtthe rapid changes.Those
technologicaland social changes caused new requirementsand solutions for
architecturallighting.The technologicalimprovementswere exciting.New materials
andnewconstructiontechniquesofferedgreatarchitecturalopportunitiesto architects
anddesigners.New techniquesin glassproductionmadeit cheaperalsoavaiblein large
sizesin goodopticalquality.The improvementsin structureweregreater.The thin steel
frames,trusses,columns and also the reinforcedconcretemade as much light as
possibletoentertheinteriorspace.A wholenewarchitectureof lightwas born.
CrystalPalace,built in London in 1851,designedby Joseph Paxton is a good
examplefor thenew understandingof designwiththenewtechnology.This greenhouse
was a sign for the coming building style and space concept,supportedwith the
increasingtechnology,with its structuralinnovationsandtotaltransparency.
Figure2- 6 CrystalPalace(http://soa.syr.edu/faculty/bcolemanlARC523/images/crystalpalace)
The IndustrialRevolutionhadanotherimpacton architecture.It causeda need
for largebuildingsto houseboththe industryitselfandthecommercethatgrewfrom it
(C.E.C 1993pi 0). The rural populationflooded into the cities to work in factories,
workshopsand so forth. That causeda greaterneed for light, becausemost of the
populationwasworking indoors.The inventionof theincandescentlightbulb seemedto
8 Theyareappropriatefor outdoorapplicationssuchasstreetlighting,parkingareas,
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providetheneedfor illumination,which was a necessityfor indoors,despiteof being
expensive.A lumenof electriclight in 1880cost six hundredtimesmorethantoday.
Thatforceddesignersto createspaces,illuminatedby daylight,which entersmostly
fromthe top of the building,with the help of increasingtechnologyand a style of
toplightingdevelopedin industrialand commercialbuildings. The requirementfor
daylightingwas a formgiverto bothplanandsection.The Larkin Building in Buffalo-
NewYork, designedby FrankLloyd Wright in 1904is anexampleof thecentralatrium
forofficeuse,illuminatedwith daylightentersthroughthetransparentopeningplaced
ontheroof.
Figure 2- 7 Larkin Building (Massey 1990p78)
Not only the industrial and commercialworkplaces,the whole architecture
gaineda newcharacter.Architecturebecamelighterand illuminated;the facadeswere
nolongerthebarriersfor daylight.TasselHouse,designedby Victor Horta is another
example.The glazedroof over the living room, carriedby iron columns,providesa
brightlylit interior.At his housein Rue Americainein Ixelles,Victor Hortadesigneda
skylight,which illuminatesa centrallyplacedstaircaseof white Camaramarble.The
yellowandwhiteskylighthashugemirrorsateithersidethatgive an effectof infinite
space(Massey 1990 p37). Charles Rennie Mackintosh was anotherarchitectwho
createdbrightspacesin regardto newtechnology.Anne Masseysaid in herbookabout
Mackintosh'shousein Mains Street,Glaskow:
sportareasandfloodlighting,wherehighefficacyis needed.
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"...He createdan equallydramaticeffectwithwhitefor thewall andjloor-
coveringsaswellasfor themajorityof thefurniture.He createda lightandspacious
livingarea,diffusingnaturaldaylightwithmuslinstretchedoverthewindows.All
furniturearewhite-enamelpaintedto ensurethatnodetailofjoints ongrainof the
wooddetractedfrom thesculpturaleffect.Thefurniturewasalso carefullyplaced
revealingMackintosh'sdeptoJapanesehouse-design.. ". (Massey1990p53)
Figure 2- 8 Horta House (Borsi andPortoghesi1991p228)
Figure 2- 9 Interiorofthe House in Mains street(Massey 1990p54)
Developmentsin technology,the changingspaceconceptswith the Modern
Movementresultedin a literal light use, which means illumination. Lighting had
graduallylost its formermeanings,its poetic,symbolic,and mythicuse,as in Gothic
andBaroqueperiods.The aim was to designbuildings,which was mostlyilluminated.
Shadowswere disappearedagainstlargeopeningsarise from structuralabilities. The
GlassPavilion of Bruno Taut, built for the WerkbundExhibition in 1914,and the
BauhausBuilding atDessau,built in 1926areexamples,which definetherelationship
of modernarchitecturewith light. It is not possibleto seetheemotionaluseof natural
lighttill thelatemodernperiod.
Figure2- 10Bauhaus,Dessau
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A spiritualuseof light can be seenin the laterworks of Le Corbusier.These
werereligiousprojects,andonecan saythatthereis nothingunusualto takelight into
considerationin a religiousatmosphere,howevertheMonasteryin La Touretteandthe
Chapelin Ronchampare examples,in which light plays a role more than in any
religiousbuildings.They seemas they have been built for light and its effects. In
additionto this, Le Corbusierdeservesspecialattentionfor his understandingof light
usein his previousprojects.For examplethebrise- soleils in Cite de Refuge in Paris,
builtin 1933,and in the AssemblyBuilding in Chandigarhareelements,designedfor
lightingcomfort.JamesBroganwroteaboutLe Corbusier'sreligiousmasterpiece:
"... His churchat La Tourette,with its chapelsconsistingof immensely
powerfulllightscoopsandlighttubes,andmadesimplyof concrete,colorandlight,
transformedaplaceof worshipintoan 'other-worldly'environment.In hischapelat
Ronchamp,lightwasusednotonlyas an integralpartof thestructure,as historical
allusion(to thestainedglass of the Gothic Cathedrals)but as an upliftingand
worshipfullenvironmentwitnessedin theindividualchapelsfilled withcoloredlight."
(Brogan1997p7)
Figure2- 11Light shaftin Notre Damedu Haut, Ronchamp(http://www.greatbuildings.com/cgi-
bin/glk?http://www.demel.net/fs-ronchamp.html)
Figure 2- 12La TouretteMonastery(http://www.greatbuildings.com/cgi-
bin/gbi.cgi/Convent_oC La_ Tourette.html/cid_ 2463890.gbi)
Louis Kahn was anotherarchitectwith his poetic light use in the latemodern
period.Kahnusedlight asthedominantcharacteristicin his works.He utilized light in
orderto illuminatehis pureformsandmaterials.His work was basedon light, using it
asa tool in orderto createspaces,wherespiritualityanda mysticalatmospherecan be
experienced.
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Alvar Aalto also shouldbe mentionedhere,with his ability in using light as a
creativetool in architecture.The dematerializing,defininganddifferentiatingeffectsof
lightis presentalmostin all Aalto's interior.EspeciallytheViipuri Library in Russia,
theMt. Angel Library in Oregon,andtheChurch in Vuoksenniska,Imatra,Finlandare
examples,whichwereformedfor lightanditseffects.
Figure2- 13Mt. Angel Library
(http://www.greatbuildings.comlcgibin/gbi.cgilMount_Angel_Library .html)
Duringthe20th century,a new approachto designingwith lightwas developed,
an approachthat was relatedfar more intenselyto architecturallighting and its
requirements.JoachimTeichmUller,founderof theInstitutefor LightingTechnologyin
Karlsruhe,is a namethat should be mentionedhere.TeichmUllerdefinedthe term
"Lichtarchitektur,,9as architecturethat conceives light as a building material and
incorporatesit purposefullyintotheover-allarchitecturaldesign.He alsopointedout -
andhewasthefirst to do so- that,with regardto architecturallighting,artificial light
cansurpassdaylight,if it is appliedpurposefullyandin a differentiatedway.(Ganslandt
andHoffmann1992p23)
9 Thistermwill beusedthroughouthethesisin orderto definethatkind of attitudein
architecturaldesign,asdescribedabove.It is translatedasLightarchitectureinto
English.
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Lightingengineersstill tendedto practicea quantitativelightingphilosophy,that
is notalwaysefficientto definea satisfactorylit space.It was thearchitectswho were
nowbeginningto developnew conceptsfor architecturallighting.Daylighthadalways
beenthedefiningagent.With thedevelopmentof moreefficientartificial light sources,
theknowledgethathasbeengainedof daylighttechnologywas nowjoined to artificial
light.Light wasno longeronly aneffectcomingfromoutsideintothebuilding.It could
lightinteriorspaces,andnow evenlight from insideoutwards.Le Corbusierdescribed
architectureas the "correctand magnificentplay of massesbroughttogetherin light"
andtodaythis is no longerappliedonly to sunlight,but also includedtheartificially lit
spaces.
This new understandingof light hadspecialsignificancefor extensivelyglazed
facades,whichwerenotonlyopeningsto letthedaylightpenetrateintothebuilding,but
gavethe architecturea new appearanceat night throughartificial light. The glass
skyscraperssuchastheSeagramBuilding of Mies Van derRohe in New York wereare
avant-gardeexamplesfor thenewunderstandingof light.
Figure2- 14 SeagramBuilding, New York
In orderto developmoreextensivearchitecturallightingconcepts,designershad
to considerthe third factor besidearchitectureand light: Perceptualpsychology.In
Handbookof LightingDesignedit is mentioned:
"In contrastto physiologicalresearch,it was simplya questionof the
quantitativelimitingvaluesfor theperceptionof abstract"visualtasks".Man as a
perceivingbeingwasthefocusof theresearch,thequestionofhowrealityperceivedis
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reconstructedin theprocessof seeing.Theseinvestigationssoonledto evidencethat
perceptionwasnotpurelyaprocessofreproducingimages,notaphotographingofour
environment.Innumerableopticalphenomenaproved thatperceptioninvolvesa
complexinterpretationof surroundingstimuli,thateyeandbrainconstructedrather
thanreproducedan imageof theworldaroundus." (Ganslandtand Hoffinann 1992
p24)
Under the light of thesetheoricaldevelopmentslightingacquireda totallynew
meaning.Light was no longer just a physical quantity that provided sufficient
illumination;it becamea decisivefactor in humanperception.Lighting was not only
thereto makethingsand spacesaroundus visible, but also in orderto determinethe
priorityandtheway,objectsin our visualenvironmentwereseen,to determinethe life
Inspace.
2.2.1.CRYSTALLINE ARCHITECTURE
The Modern Movement brought with it new ideals, which based on the
technologicalopportunities.One of its ideals was that modern world must be
illuminated.Paul Scheerbartsaidin hisGlassarchitectur,publishedin 1914:
" ...If wewantourculturetorisetoa higherlevel,weareobliged,for betteror
forworse,tochangeourarchitecture.Andthisonlybecomespossibleif wetakeaway
theclosedcharacterfrom theroomsin whichwe live. Wecan only do thatby
introducinglassarchitecture,whichletsin thelightof thesun,themoon,andthe
stars,notmerelythroughafewwindows,butthrougheverypossiblewall,whichwill be
entirelymadeofglass-ofcoloredglass..." (Conrads1971p19).And in derArchitecten
Kongresshewenton: "...Wewantnowallsthatcompletelyexcludetheoutsideworld-
liketheold masonarywalls. Wewantbrilliantlycolorful,transparent,doubleglass
walls-everywhere,whenevertheycanconceivablybeput- especiallyin government
buildings.Wewantwalls thatdo notshutus outfrom thegreat,infiniteuniverse.
Boundlessnessi thegreatnessupreme.Let usneverforgetit. And boundlessis the
endlessspaceof thecosmos.Nevermoreshallweallowourselvestobeseparatedfrom
it.Thisis whywewantglassarchitectureto vanquishall therest..." (Thomsen1994
p82)
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Scheerbartwas suggestingan architectureformedof weightlesscolored glass
columns,walls, andfloors.Theseradicalapproachesof Scheerbartwerefollowedbythe
worksof contemporaryarchitectsof thattime.BrunoTautdedicatedhis GlassPavilion
in 1914,designedfor WerkbundExhibition in Cologneto Paul Scheerbart.The large
panesof glass of which the pavilion was constructedhad effectively introduceda
transparencyandbrightnesswhichwaspreviouslyunseen.
Figure 2- 15Glass Pavillion, Bruno Taut
Figure 2- 16Glass panesof thePavillion
BrunoTaut was in an informalgathering,called"GlaeserneKette-The Crystal
Chain"withotherarchitectsandartistssuchas WenzelAugustHablik, Hans Scharoun,
Wassili Luckhardt, Max Taut, Hans Hansen, Wilhelm BrUckmann,Paul Gosch,
HermannFinsterlin,WalterGropiusandCarl KrayI. The aimof this informalgathering
wasto exchangewritten and graphical ideas in order to define and form the new
architectureof the new century,which is in a transformationperiod since Sir Joseph
Paxton'sCrystalPalaceof 1851.Theywerebewilderedbeforethearchitecturalpotential
of glassand designedsomeprojectsand sketchesthatway. They were dreamingof
utopiccities of glass. Bruno Taut wrote a book in 1918 with the title "Alpine
Architecture",which included thirty drawings, createdunder his ideals for glass
architecture.ChristianW. Thomsendiscussedthedrawingsin thisbook:
" ...Hereglasswasno longermerelya thin,water-clearskin thathelped
dematerializearchitectureor integrateinteriorandexterior;it wascrystalline,cutlike
gems,shonewithnoblebrilliance,and was chargedwith all thesymbolismof a
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romanticmedievalism...Crystal was thoughtto havepowers of healingand
regeneration,anditalsostoodfor innocence,purity,peaceofmind,closenesstonature,
andtheabilityto startone'slife anew.In thisvein,theExpressionistsadoptedthe
reflectionsandrefractionsofcrystalasembodyingtheoptimismanddynamicsofa new
architecture".(Thomsen1994p83)
Figure2- 17Wenzel August Hablik, Cathedrallnterior:FestivalHall (Thomsen 1994p80)
Figure2- 18Hans Scharoun,Principlesof Architecture,ca. 1919(Thomsen 1994p81)
Figure2- 19WenzelAugust Hablik, original sketchofthe interiorof an exhibitionpalace,1914
(Thomsen 1994p83)
Figure 2- 20 Wassili Luckhardt, 1919(Thomsen 1994p85)
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It is interestingto seesomeeffectsof CrystallineArchitecturein anotherkind of
professionsuchascinema.The setdesignsandthegeneralauraof Metropolis,directed
byFritzLang in 1926derivefromtheprinciplesof CrystallineArchitecture.
Figure2- 21 A scenefrom themovieMetropolis, Fritz Lang, 1926
(http://www.pauIist.org/doug/metro/default.ssi)
Meanwhilesomerejectionsto GlaeserneKette and to glassarchitecturecame
fromRussia.Someartistsin Russiawerethinking,thatglassarchitecturewith its total
transparencyhaddisadvantages.Evgenii Zamiatin,in his book 'We' describedhow the
denizensof theglassbuildingsof his unifiedstateweredeprivedof all will- powerand
healedby destroyingthe imaginativecenterof their brainswith rays.(Thomsen 1994
p82)
The designsof the GlaeserneKette have influencedarchitectsthrough 20th
century.It is also possible to see some reflectionsof this fraction of Crystalline
Architecturetoday.The glass Pyramid in Louvre, designedby Ieoh Ming Pei; The
CanadianNationalGallery in Ottawa,designedby Mosche Safdie in 1988are some
examples,whichareinfluencedfromthebasicidealsof theGlaeserneKette.
Figure2-22CanadianNational Galerie (Thomsen 1994p90)
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Figure2- 23 GlassPyramid in Louvre (www.erco.com)
2.2.2.THE 1920'S
The 1920'switnessedimportantinnovationsin lighting industry.First of all,
artificialightingbecamecheaperwith the increasingtechnology.New and powerful
lamps,accessoriesuchas prisms,mirrorsand lensesthatcould shapeand color the
lightbeamin differentways,andelectromechanicalswitchingsystemsweredeveloped.
Thesedevelopmentsenabledarchitectsanddesignersto createextraordinaryeffectsin
buildingsinteriorsandexteriors.Lightingbecamemorearchitecturalin characterduring
thetwenties.Lighting becamea scienceand new professionscameto agendasuchas
lightingdesignersand lightingengineers.And theseprofessionsbecamean important
partof a cooperationbuilt with architector designerthroughouthe20th century.Light
engineeringbroughtwith it its own rules and principles, which mostly stand on
quantitativebasicsandthatis why it is exposedto strongcriticslike thelackof thebasic
conceptsuchas psychology.It is possibleto see radical efforts of architectsand
designersatthis periodin integratingthe light into thebuilding in orderto emphasize
structurallines,wall andceilingpanels.WalterKantack,asa lightingdesignerdiscusses
thispointasfollows:
" Wearebecomingmorefamiliar withthepossibilitiesofferedby reflecting
surfacesandin designingour lightingequipmentareactuallythinkingof lightas a
definitelementbuilt intoour structure,havingjust as importanta placeas color,
materials,andornamenthavecommandedinthepast..." (Rub 1986p32)
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Another innovationwas the developmentof floodlighting.This techniquewas
not new, it had already been developedand was shown at the Panama- Pacific
Expositionof 1915 in San Francisco. In this Exposition, searchlightslO also became
public,whichwill beusedin architectureandart illustrationsandalso for badpurposes
thattheyaredesignedfor (asanti-aircraftsearchlightsin Nazi Germanyat the second
worldwar).
Floodlightinghad greatimpactson architecture.Before,building exteriorshad
beenilluminatedby outlinelighting,with stringsof incandescentlight bulbs,arranged
to emphasizethe structuraland ornamentalfeatures.The disadvantageof this method
was the disturbing glare of the incandescentbulbs. And in San Francisco at the
Expositionunderlinelighting was replacedwith floodlighting.W. Darcy, directorof
GeneralElectricIlluminatingEngineeringexplainedin theExposition:
"....Incandescentoutliningin themaingroupof thepalaceswasavoided,and
screenedor maskedflood or relieflightingtoproducethethirddimensionor depth
substituted,andgreatcarewasexercisedwithproperrelativeintensities.For thefirst
timeat an internationalexpositionthe illuminatingsources,whetherareas,
incandescents,orgas,losttheiridentityassuch..." (Rub 1986p32)
Floodlightinggainedgreatpopularityduringthetwenties.It hada wide usearea
from airportsand constructionsites, to night- time sporting events and touristic
attractions.The scenic wonders such as WashingtonMonument and Niagara Falls
becameanewcharacter.
After a while, people realized that floodlighting was one of the advertising
mediums.It pointeda structuremuchmorestrongerthanthe street.Soon, skyscrapers
wereilluminatedunderthetechniqueof floodlighting.EdwardG. Neale, the president
ofLuminousStructuresobserved:
"....Lighthasrealsalesvalueandwhenthecommerciallywisearchitectuses
light,notmerelyas an accessorybut as an actualarchitecturalelement,he has
10 A typeof lampwith verystronglightoutput,whichcanproducelinearbeams.
Searchlightsweredesignedto beableto seetheaircraftsatnight.
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providedhisclientswitha verydistinctadvantagein thehighlycompetitiveracefor
business..." (Neale,1933p22)
Figure2-24WashingtonMonumentatnight(http://www.rgimages.com/images/img03050.html)
Figure2-25NiagaraFallsatnight(http://photo.net/photo/pcd0738/niagara-canadian-falls-far-66.tcl)
Lighting firms servedto this marketby expandingtheir products.Bulbs in
varyingsizes,mounts,reflectors,and lensesthatcouldbothcolor andtexturethebeam
wereall avaible.Another importantimprovementwas, the close relationshipbetween
the architectand light engineer.Engineers managedto persuadearchitectsthat
floodlightingshould be studied at the design stage.Most common methodswere
perspectiverenderingsand modelswith miniaturebulbs.After a while, designershad
changedtheprinciplesof floodlighting.It shouldbeusedin a selectiveway,producing
contrastsof lightandshadowin orderto emphasizecertainpartsof a buildingsuchas
cornice,colonnadeor tower,ratherthanon thewhole.The EmpireStateBuilding is an
exampleof topIightingappliedasan integralpartof architecturaldesign.
Thetwentiesandearlythirtieswerealsotheyearsof Art- decoperiod.And this
trendplayedan importantrole in the interiordecoration,forminga new understanding
of usinglight.The cheapnessof electricityhad encouragedits use in interiordesign.
Streamliningwith light bulbs in bars, restaurants,hotels and so forth was the new
approachto light in interiordesign.It was a kind of lightingthatdirectedtheviewer's
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attentiontowardsthe intendedimage.It was mostlyused in cinemas.Thesewere the
spaces,wherelightplayedasignificantrole in theinteriorandexterior.
Figure2-26EmpireState,NewYork (http://newyork.citysearch.com/EN/NYCNY/0009/97/69/)
2.2.3.LIGHT AND MONUMENTALISM
Fromthe latethirties,until theendof theSecondWorld War, light becamean
instrumentof architectureof power.Monumentalismhadbeena styleof architecturein
manycountries,suchas Germany,Italy,Russia,andAmerica.Among manyarchitects,
AlbertSpeeris prominentwith his successin using light in a mythic and symbolic
quality.For him light was the ideal and creativetool, for representingthe power and
tyranny.TheNationalSocialistPartyConventionGround in NurembergandtheTower
oftheGermanPavilion for theWorld Expositionof 1935in Parisaresomeexamplesof
hisabilityin usinglightasa tool of his ideals.WolfgangSchievelbushemphasizeshow
perfectAlbertSpeerunderstoodthetreatmentof light.He commented:
".... Thecombinationof archaic-mythicalformswith themostsophisticated
moderntechnology,whichwascharacteristicfor theNazisystem,couldbefoundmost
perfectlyrealizednotonlyat theParisianPavilionbutalsoin thegrandstandof the
Reich's-Party-Convention-GroundatNurembergandtheNewReichskanzlei.Integrated
inanarchitecturewhichdeniedeveryprogressin buildingtechnologyof the2dh
centuryandeverystylisticfeatureof modernity,thepowerfulreflectorlampsof Zeiss-
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Ikonradiateda lightwhichin technicalperfectionandsuggestivepowerwasequalto
themostmodernlightingequipmentat theBerlin-Babelsbergor Hollywoodfilm
studios...". (Schievelbush1989p146
Figure2- 27 Nazi Via Triumphalis, UnterdenLinden, on theoccasionof Mussolinis' visit to Berlin.
(A+U308 p113)
Figure2- 28 Tower of GermanPavilion in theParis World Exposition of 1937(A+U 308 p113)
Figure2- 29 Albert Speer,Light show,on theoccasionof Mussolinis' visit to Berlin. (A +U 308 P115)
AlbertSpeerusedsearchlights,a powerfullightsource,whichcanproducelinear
beams,in somehis installations.Light Dome in Nurembergin 1936during one of
Hitler'srallies in supportof the Nazi Party, Berlin Olympic Stadiumand Nazi Via
Triumphalisaresomeexamplesof his amazingworks,wherelight is usedas a symbol
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of power. In the SecondWorld War, thesesearchlightswere usedfor exactpurposes
theyarecreatedfor, asanti-aircraftsearchlights.
Figure2- 30 Albert Speer,NurembergStatium(http://www.calvin.edu/academic/cas/gpa/pt36p.htm)
Figure2- 31 Albert Speer,NurembergStatium(http://www.calvin.edu/academic/cas/gpa/pt36p.htm)
It is interestingto witnessthatAlbert Speer,withhis understandingin usinglight
mostlyhis belief in Nazism hada recenteffecton oneof projectsfor Berlin. A light
showwas designedby Gert Hoff, a Germanart director,for the millennium-party,on
December31th 1999,expectedto draw half a million peopleto the famousVictory
columnatthecenterof theTiergarten(Aktan 1999).Organizersof the "Art in Heaven"
lightshowbill it as the largestever,andthereis no doubtit would be a technological
wonder.
Figure2- 32 Millenium Light Project for Victory Column in Tiergarten,Berlin
(http://62.96.245.61/english/frame.htm)
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As the projectweb site!l makesclear,this was meantto be a dramaticshow,
using3.8 million wattsof electricityand sendinglight 70 kilometersinto the sky, it
shouldbevisible as far awayas DresdenandHamburg.The show is cancelled,because
of the objectionsof a groupof people,which suggestedthatsuch a spectacleof the
lights is just like the light shows Albert Speer made for the Nazi party rallies in
Nuremberg.
2.3.DEVELOPING LIGHTING INDUSTRY AFTER 1950'SAND
THE IMPACTS ON ARCHITECTURAL SPACE
Light andspacehavealwaysbeenin a closerelationshipthroughhumanhistory.
Inthe20th century,especiallyin theseconddecadeof it, throughincreasingtechnology,
artificiallight sources,light systems,and new lightingtechniqueshavejoined to this
relationshipas creativetools. In this period we witnesssomeworks appearthat are
basedon lightingtechnologies.Artists, interiorand lightingdesigners,beingsupported
bythenewtechnology,soonrealizedthepotentialof lightas adesigntool in spaceand
begandealwith the incredibleeffectsof light. Their aim was to influenceviewer's
perceptionbycreatingunusuallighteffectsin space.
2.3.1.NEW TECHNOLOGIES
Lighting field becamean areaof abilitieswhereanythingis possiblewith the
increasingtechnologyafter 1950's. Some of these technologieswere previously
developed,howeverdid nothavea wide usein architecturalapplications.Fran Kellogg
Smithclassifiedthesenewtechnologiesintothreepartsashardware,kineticeffects,and
illusions.(SmithandBertolone1986p192)
HARDWARE
The first categoryof light as art techniques,hardware,contains both light
sourcesandlight fixtures.Thereare neon light, fiber optics,acrylics, light pipesand
acrylicpanels.
Neonwasfirst introducedto publicin Centuryof ProgressExpositionof 1933in
Chicago,wherealsothestructuralglassblockcameto theagenda.The termneonrefers
11 http://62.96.245.61/english/frame.htm
29
to luminoustubesthatlight up whentheneongasis ionizedby thepassingelectricarc
andproduceandorange-redglow.Most gasesbehavesimilarly,suchasthemercurygas,
foundin thecommonfluorescentlight.But raregaseslike xenon,argon,krypton,and
neonaremosteasilyionizedgases.Eachof theseproducesa distinctivecolor andall are
avaiblein thetypeof slim tubing.
A neon sculptureis usuallythe work of threepeople:the architector interior
designer,theneonartist,andthecraftsman.Undertheguidanceof neonartist,thehands
of thecraftsmanuseneonto createline drawingsoflight in space(SmithandBertolone
1986p192).Althoughneonprovidessomeillumination,it is not possibleto think of it
asasourceof architecturallight.
Fiber opticsarethincylindricalglassor plasticfibersof opticalqualitythatmust
beso opticallyclearthatlightenteringoneendof it canbetransmittedto theotherend
byaprocesscalled 'total internalreflection'.Fiber opticsareusedfor manypurposes12
besidestheirusein architecturallightingin ordertocarrylightto desiredplaces.13
Fiberopticsproduceintensepointsof lightthatcanbeusedfor manydecorative
effectssuchas creatingstarlightpatterns,underliningthethreadsof a staircaseand so
forth.Usesof fiber optics in architecturalightingtendsto be decorative,becausethe
lightisonlyashortdistanceeffectivewhenit hasleftthefiber. It is rarethatfiberoptics
areusedin orderto lightobjectsor backgrounds.
The sameprincipleof 'total internalreflection'causeslight to travel through
acrylicpipesandsheets,buttherearea few distinctions.Acrylics arecheaperthanfiber
12 To expandmedicaldiagnosis-Tiny bundlesof opticfiberscanbe insertedin
accessiblepartsofthe bodyfor diagnosticexamination,in trafficsigns-fiberoptic
bundlescanbebrighterthantraditionalneonandincandescentsourcesanduseless
energy,tocarrylightto unreachableplacessuchasin autosor in underwaterworks, in
communications.(Watson1990)
13 Forfurthereadingson fiberoptics:
http://www.netoptics.com/also
L.Watson,"On BeingaMasterTechnician:The BuildingBlocks,LightingDesign
Handbook,editedbyJ. E. Stein(Mc GrawHill, New York, 1990),62-64
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optics.Also, fiber optics attemptto deliver all the light to their endpoints,whereas
acrylicpipesandsheetscandeliverlightmoregradually.
A light pipe is an emptyacrylic squarewith ribs of high opticalqualityon its
externalsurface.The rips areshapedso that95 percentof the raysarereflectedback
intothelengthof pipe.This fixturecanbeusedto deliverlightto oneendor it canbea
continuouslyglowing fixture with an outercoveringthat allows emittinglight. Fran
KelloggSmithwroteabouttheusesof lightpipesin his book:
Theusesfor lightpipesrangefromtheaestheticto thepractical
I. Thesamecoloringtechniquesusedwith fiberopticscanalsobeusedwith lightpipes,
butthe luminositycan be seenalong the lengthof pipe as well as at its end. Color
effectscanbevisibly mixedinsidethepipeby locatinglightsourcesof differentcolor at
eitherend.
2.Whenlightingmustbeinstalledin anareawith difficultaccess-like a pool or atrium-
thereplacementof bulbsbecomesharder.Light pipesallow lampbulbsto beplacedin
anaccessibleareaandthelight itself "piped"upto whereit is needed.
3.By placingthe light sourceoutsideof interiorspaces,light pipeseliminatethe heat
loadusuallyplacedon air conditioningthussavingenergy.(SmithandBertolone1986
p193)
Acrylics areproducedalso in panels,and almostall techniquesusedfor fibers
andlightpipesarealsousedfor acrylicpanels.14Acrylic panelsareusefulas partitions
forsmallplaces.Whenthepanelis mostlyetched15, it can serveas an acousticbarrier
withoutblockingthe view, so it can enlargean enclosedspace.When the partitionis
mostlyfrostedl6, it servesto protectprivacy by obscuringthe view and also for
acousticalpurposes.
14 Forfurthereadingsonacrylics:
F.K. SmithandF. J. Bertolone,"Light asArt", BringingInteriorstoLight: The
PrinciplesandPracticesfLighting Design,(Watson-Guptil,New York, 1986),194
IS Withoutlight,reflectedontheir innerflatsurfaces
16 Withlight,reflectedin theirinnerflat surfaces
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KINETIC EFFECTS
This groupincludesthework, in which light becamea movingelementin space
withthehelpof somemechanisms.To give lightmotionis aneffort,which existssince
theSecondWorld War. Many artiststried to enhancespatiallimitationsthroughthat
way.EspeciallyZERO, anartmovementconsistof someGermanartists,hadperformed
severalartworks, in which lightplayedanimportantroleasa movingelement.
RAINBOWS
Both diffraction and refractionof light can producemovmg fragmentsof a
rainbow.Severalwell- known artistswork with rainbows.They createart- works, in
whichgiant prismsare designedto castbandsof rainbowthroughan interior space.
Suchprismsmustbesuitablein geometryto the interiorandthesunangleson thesite;
butthedaily,seasonal,andclimaticchangesprovidethevarietyandmotion.Whenthe
lightsourceis not sunlight,effectscan also be generatedwith artificial light sources.
JoostvanSantenis a dutchartist,skilled in rainbows.His art-workswill be discussed
later.
Figure2- 33AmersfoortRailway Station,Joost vanSanten(http://home.wxs.nl/-jvansant)
Figure2- 34Laszlo Moholy Nagy, Licht raummodulator,1922-30(hgk archive)
LUMIA
"Scientificallyspeaking,lightwavesunderliethephenomenonof colorjust as
soundwavesunderlietheexperienceof music"(SmithandBertolone1986p195).The
similaritiesbetweenlight wavesand soundwaveshave beenknown for sometime.
32
Lumia is the unpredictablecolored responseof light to sound waves. It creates
mysteriousandexcitingeffectsin space.PeterSedgleyis oneof themanyartists,who
workswith audiovisuallightsculptures,will bediscussedlater.
LASER ART
The word laserderivesfrom the longerterm"light amplificationby stimulated
emissionof radiation".The termlaserdefinesa specialtypeof lightbeamwith itsown
uniqueproperties.The beamis composedof coherentlight,which meansit is of one
colorandwavelength.Neon gas is usedto producered laserbeam;argonandkrypton
gasfor blueandgreen.17Itis notpossibleto seethe light from a laser,unlesssmokeor
dustor a surfacefromwhich it canreflectis present.Thatmeansanobserverneversees
alaserbeam-only reflectedlaserlight.
Figure2- 35 Jean Michel Jarres' Houstonconcertwith severallight shows(A+U 308)
Laser history goes back to after-waryears.After long studiesDr. Charles
Townesannouncedhis inventionof laserandmadeit publicwith a displayin 1960.In
early70slaserswereacceptedfor entertainmentalpurposesby rockgroupssuchasLed
ZeppelinandThe Who. In 1973,Ivan Dryer,a film expert,openedthe first Laserium
showattheGriffith Observatoryin Los Angeles.This is fallowedby anotherLaserium
showsin manycountriessuchasCanada,England,andJapan.After ashortwhile, lasers
hadappearedin discos and todaywe see lasersin an amazingrangeof applications
17 Forfurthereadingson laser:
T.Kallard,LaserArt andOpticalTransforms,(OptosonicPress,New York, 1979)
L. Watson,"On BeingaMasterTechnician",LightingDesignHandbook,(Me. Graw
Hill,NewYork, 1990),58-62
S. Coleman,"Lasers",LightingDimensions2, 1983,p 23-39,52
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besidesits use in outdoorand indoor spacesas a designelement,such as in heavy
industry,in medical science,in safetyand so forth.18 Laser technologyalso made
emergeanothertechnology,calledholography,whichhasgreateffectson thenewspace
concept,will bediscussedlater.
Laser and laser-basedtechnologiesusedby manyartistsin orderto changethe
meaningandritualsof space.Tully Weiss,a lightingdesignersays:
"... Lasersarefascinatingin thattheycanactuallyrestructuresomeinteriors
withtheircoloredbeamsof light.Whathasbeencreatedhereareseeminglyphysical
planesorsheetsoflightin theair..."(Weiss 1984)
Figure2- 36Reichstagatnight,Berlin (www.erco.com)
Laser is used in concerts,public celebrations,and festivals, in important
buildingsuchas Reichstagin Berlin. Using computer-aidedlaserinstallationsis the
contemporarykind of anticraftsearchlights.ChristianW. Thomsenwroteabouta work
ofthreearchitects,createdby laser:
"... Laser, moreover,can generateimmaterial,three-dimensionalight
sculptures.In 1983/84a teamof threeyoungFrankfurtarchitects,NorbertBerghoff,
MichaelLandes,andWolfgangRangplanneda Frankfurtskyscraperfestival,which
theycalled'RadiantFrankfurt'. Bright,shiningpencilsof raysweresupposedto cut
througha warmJuly nightoverdowntownFrankfurt.Reflectedbythewallsof glazed
18 Forfurthereadingsonusesof laser:
L. Watson,LightingDesignHandbook,(Mc Graw Hill, New York, 1990),?
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andmirroringskyscrapers,theywouldcrossandintersect,heywouldfromgridsand
nets and transformthe entire backdropof high-risebuildingsinto a gigantic
monument..."(Thomsen I996b pI B)
In 80s lasertechnologyinfluencedfilm directorsand scriptwritersas beingthe
highesttechnology,andthatinteractionstill existstoday.In science-fiction laserplayed
an importantrole. As creatingthe world of future, scenaristsforesightedlots of
technology,derived from laserapplications.The laser swords, laser protectedjails,
doorsare someexamplesfor the utopiasderiving from laser.Some of the basicsof
architecturewere replaced with laser-basedtechnologies. And the increasing
technologiesmakeus to think aboutthegeneralconceptsof architecture,which seems
tobeshakenagainstthenewera.
ILLUSIONS
The third group of light as art techniquesconsistsof illusions createdby
reflectedlight.Theseincludeholograms,andthedisembodiedroomsof JamesTurrell.
Recentlyit has beenrecognizedthatthesemagicallightingeffectsservesas practical
solutionsin spaceapplications.To avoidtheboredomanddiscomfortof architecturally
failedand small interiors,designerscan use severaldevicesand techniquesto create
spatialillusions. Lighting illusions offer the possibility to enlarge,customize,and
changeinteriorspaces.These illusions arethe resultof the technology,howeverit is
alsopossibleto createillusionswithoutusingthehighesttechnology.In fact,thehistory
of illusionsin spacegoesamazinglyfar backto thefirst centuryAC. Heron, in his book
'Catoptrics',deals with problemsfor the constructionof mirrors in order to reflect
objectsinaparticularway,thuscreatedastonishingexperiencesin space.
"...Oneofmanymethodsi toarrangemirrorsinagivenplacesothataperson
whoapproachescannotseeeitherhimselfor anyoneelsebutcanseeimagedesired.
Whenthisconfigurationisplacedin a templeso thatwhenoneapproachedthealtar
onewouldseesuddenlytheapparitionofthedeityasif emergingthroughthewall.The
statuesupplyingthereflectionwouldbehiddenfromsightandlit bya concealedside-
windowsothattheapparitionwouldbemadetoappearbrightandshiningwhilethe
edgesofthemirrorwerecarefullyconcealedbydrapery..." (Potamianos 1997pI 02-
103)
35
Ptolemy of Alexandria (secondcenturyAC) also wrote aboutOptics in five
books,and in Catoptricssection,he deals with plane,concaveand convex mirrors,
binocularvision,visual impressionsandopticalillusions.
Figure 2- 37 Arrangementof mirrors(Potamianos1997p103)
The mirrorsandthetechniqueof reflectinglight in orderto carryit to a desired
placearealsousedin ancientEgypt.The introvertedstyleof architecturebecauseof the
heatandthe dust of the desertresultedin dim interiors.The scene,where light is
reflectedthroughseveralmirrorsin orderto illuminatetheverydark and largeinterior
space,in motionpicture'Mummy', directedby StephenSummersin 1999,showsthe
wayhowtheancientEgyptiansusedto utilizedtheavant-gardetechnologyof thattime.
HOLOGRAPHY
Hologramsarethe piecesof film on which informationaboutlight waveshas
beenrecorded.From these holograms,holographicprojections,or images can be
produced.A holographicimageseemsto be a three-dimensionalobject, existing in
space.It canbeviewedfrom variousanglesor walkedaround.A holographicimageis
createdby a complicatedoptical processin such a mannerthat the viewer visually
acceptshelightandshadowimageasa three-dimensionalobject.19 Two proceduresare
19 Forfurthereadingsonthecreationprocessof holograms:
F.G.SmithandJ.H.Thomson,"Holography",Optics,(John Wiley& Sons,New York,
1988),269-278
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neededin holography.The first is the creationof the hologram.The second is a
holograph,an assemblyof mirrorsandlensesthatcreatea three-dimensionalobjectby
usinglaserlight to displaythe informationrecordedon thehologram.First holographs
were reconstructedwith laser light of one color, howevertoday it is possible to
reconstructfull colorholographs.It is alsopossibleto createmovingholographs.
Figure2-38DorisVila,Heaven,home+weightless,Holographicinstallation,Boston,1992
(Thomsen1994)
Althoughholographytechnologyexistsfor a longtime,besidessomeart-works,
it doesnot have a wide use in architecturalspace. It is for sure that this exciting
technologywill playan importantrole in spacecreationswith its largebenefits.Thomas
LUckand Vito Orazem createdtwo light installationsin 1992,Arche- Di- Em and
DiffractedWall. In both applications,the main technologywas holography.The
installation'DiffractedWall' was first shownat theexhibition'Light andArchitecture'
inlngolstadt,Germanyin 1992.Vito Orazemwroteabouthis installation:
"...Theideawasto designa lightenvironmentwiththehelpof holographic
opticalelementsandvideomonitors.In Arche-Di-Em theHOEs arelet intothewalls
and thefloor andareilluminatedbymonitors,whichshowgraphicpatternsandvery
simplecomputeranimations.The installationis constructedso thatit conveysthe
R.Guenther,"Holography",ModernOptics,(John Wiley& Sons,New York, 1990),
469-520
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impressionof a shelter,an ark. Thevisitorvia a shortstaircasethevisitorentersa
corridorandcomesintothemainroomwheretwowallopeningsandoneopeninginthe
floor canbeseen.TheseopeningscontainHOEs thatareilluminatedbyfive monitors.
On theothersideof theroomthereis anotheraperturewitha rampbehindit over
whichthevisitorleavesthe installation... Here holographicopticalelementsare
illuminatedby thesimplestcomputeranimation.Thelightof theTV is manipulated,
distortedandmultipliedas itpassesthroughthehologram.Thevideolight,theimages
onthescreenareanimatedandthenfurthermanipulatedastheyarebentthroughthe
holographicsurface.In the installation'Diffractedwall' the rough mechanical
structureof an ordinarywall wasneglectedandbecamean immaterialelementwith
newpropertiesandqualities..."(Orazem)
Diffracted Wall is an exampleabout the changingconceptsin architecture
throughholography.Immaterialeffects,achievedwith expert light use, are a well-
knowndesignattitudesinceages.The southwall of NotreDamedu Haut in Ronchamp,
for instance,is an example for immaterialeffect, however total immaterialityis
somethingthathasnew metarchitecturewith the increasingtechnologyduringthe last
decadeof 20th century.It is obviousthatholographyhasmanypracticalapplicationsfor
architecturalspace.It hasa role as informationguidein public spacesandthecreation
of a newlight - architecture.Dwellings could haveholographicwindows thatshow a
newlandscapeeachseason.It is possibleto bringdesiredview on living rooms' wall.
Onecanhavea live oceanpanoramaevenin Konya.FranKellogg Smithobserves:
"...For spacecolonists,thelackof a viewwouldmeanthelossof contactwith
natureandpotentiallyclaustrophobia.Futuristsbelievehologramswill serveapurpose
here,too-asportholevistas..." (SmithandBertolone1986p197)
The architectureof the presenttime is the field wherethe technologicaland
aestheticqualitiesof holographycan be expressedsignificantly.According to Vito
Orazem,it is hopefully to reach the multi-perspectivespace feeling with these
developments.
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2.3.2.LIGHT ART
"Howold is light?Wheredoeslightcomefrom? Whohasfirst seenlight?Who
hasseenlightlast?Doeslightcometotheeye?Doestheeyecometothelight?How
muchis a kilogramof light?To whomdoeslightbelong?How transparentis light?
Howdeepdoeslightpenetrateintotheskin?Is lightsharp?Is lightshyof light?How
doeslightdress?How oftendoeslighttakea bathwherebathesit? Wheredoeslight
sleep?Withwhomdoeslightsleep?Bywhomislightloved?"
Childrenofthe lightZERO
During theseconddecadeof thetwentiethcentury,lotsof artistsemerged,who
areinterestedin lightanditsdynamicsin space.In theirworks,theynotonly intendedto
makethebeautyof lightvisible,butalsotriedto integratetheirwork with architecture.
Zero, oneof the first post-warartmovement,which is formedof threeGerman
artists;Heinz Mack, Otto Piene and GUntherUecker, is a notableone amongmany
artists.
"Lightis seenbytheZEROmembersas themostessentialpowerof life,and
ZERO'squestionis tolinkart,working,andlivingspacesbyaestheticarrangementin
ordertoreacha re- harmonizationi theinterrelationof manandnature.Thisis in
particulartruefor bothHeinzMackandAdolfLuther,thelattercallingmanyof his
sculpturesmadeof lensesandconcavemirrors.'ArchitecturalIntegrates'" (Thomsen
1996cp120)
ZERO createdexperimentalworks between1958-65with mobileobjects.They
usedlanterns,spotlights,searchlights,electricmotorsand such unusualmaterialsin
orderto form their non-staticart. They built variable light mills, light steales,light
carouselsanddevelopedmodernsculptureand lightart,andfrom thepointof view of
ChristianW. Thomsen,they all appearas explicit forerunnersof computerarts, of
animation,of computer-directedkinetic sculptures,of cyberspaceand of new digital
formsof artyetto come;mediaarchitecture,whichwill bediscussedlater,asa themeof
thisthesis.As it was mentionedbeforetheir works was deeplyrelatedto architecture.
Thomsenmentions:
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"....Theirshiningsurfacestriedtodoawaywithmateriality:theytriedtocreate
spacesof vibration,reflection,and motion.Especiallyin manyof Mack's works,
interference,intervals,andsuperimpositionsof differentlayersplayedan important
role.He usedaluminumfoils, industrialglass,mirroringglass,acrylicglass,and
honeycombedaluminumgrids,whichhavesincefoundfrequentusein architectural
constructions.Mackmainlyintendedtocreateobjectswhichconveyspatialimagesthat
lookimmaterial,oscillatebymeansof interference,forcetheeyetojourneythroughthe
sculptures,makingdiscoveriesofnewspatialexperiences,usingtheexistingspaceasa
kindofbodyofresonance." (Thomsen1996cp121)
PeterSedgleyis anotherartist,who built light sculptures,integratingtheminto
architectureas audiovisualelements.His sculpturestransformsoundsof daily life and
naturaleventssuch as wind, into colored lights. His first installationwas in Place
Gambettain BordeauxFestivalof 1973.He placedmicrophonesatcertainplacesin the
square.And at night,the recordedsoundof people,noises,wind, moving leavesetc.,
weretransformedintocolorandprojectedonthescreen,hungup betweenthetrees,next
tothefootpaths.It seemsclearthattheseworkshaveinfluencedtheworksof a Japanese
architectToyo Ito, whichwill bediscussedlater.
Figure2- 39 PeterSedgley,Light Ballet, Bordeaux,1973(A+U 310 P117)
Figure2- 40 PeterSedgley,Wind- Light- SoundTower, Munich 1978-Stuttgart1979(A+U 310 p117)
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Dan Flavin is an American artist,changesthe meaningof spacesand creates
strongand complexeffectsby his work of art,achievedto createeightneontubesin
differentcolors. He addsdifferent levelsto interior spacesas fragmentingthem into
differentparts.His art-works canbe explainedas color illusions. In 1962,Dan Flavin
introducedhis first aestheticexperimentswith electriclight art: squarepaintingswith
attachedfixturesandbulbs.
Figure 2- 41 DanFlavin (http://www.diacenter.org/exhibs/flavin/images.html)
Figure 2- 42 Dan Flavin (http://www.diacenter.org/exhibs/flavin/images.html)
Flavin explainshis useof fluorescentubesin his worksof art: "In time,I came
totheseconclusionsaboutwhatI hadfoundinfluorescentlight,andaboutwhatmight
bedonewithitplastically:Nowtheentireinteriorspatialcontaineranditsparts-wall,
floor,andceiling,couldsupporthisstripof lightbutwouldnotrestrictitsactof light
exceptto enfoldit... Realizingthis,I knewthattheactualspaceof a roomcouldbe
brokendownandplayedwithbyplantingillusionsofreallight(electriclight)atcrucial
juncturesintheroom'scomposition.For example,ifyoupressaneight-footfluorescent
lampintotheverticalclimbof a corner,you candestroythatcornerbyglareand
doubledshadow.A pieceof wall canbevisuallydisintegratedfrom thewholeintoa
separaterianglebyplunginga diagonalof lightfromedgetoedgeonthewall; thatis,
sidetofloor,for instance.
...Whathasartbeenfor me?In thepast,I haveknownit (basically)asa sequenceof
implicitdecisionsto combinetraditionsofpaintingandsculpturein architecturewith
actsofelectriclightdefiningspace...." (Govan)
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Figure2-43DanFlavin(http://www.diacenter.orglexhibs/flavin/images.html)
Anothercontemporaryartistutilizingtheperceptionof lightandcolor in spaceis
JamesTurrell. Like thework of Dan Flavin, Turrell's work is sitespecificand includes
spaces,in which the intensity,quality,and angleof light createthe appearance,and
disappearanceof objects,walls, andevenentirerooms.JamesTurrell knowsto control
three- dimensional perception towards complete adaptive brightness2o•Darkness
adaptationhappensautonomicalywhen the visitor passesthroughdarkerand darker
spacesin Turrell's environments.The key in his illusions lies in controlledbrightness
and color contrasts.For years, James Turrell's ambition has been to reveal the
extraordinarypropertiesof light. Since 1966, all of his works (quartz- halogen
projections,fluorescentspaceconstructions,aperturesto naturalillumination)havebeen
concernedwith lightasthecreatorof illusion.
Figure2-44JamesTurrell(http://www.arc.cmu.edu/portfolio/v/documents/light/)
Figure2-45JamesTurrell(http://www.arc.cmu.edu/portfolio/v/documents/light/)
20 Thechangein brightnessof surfacesin aneighboringspace,causedby lightor dark
adaptationf theeyeto thespaceit is in.
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FranKellogg Smithwroteaboutanexhibitionof hiswork, first seenin 1983:
"... The visitor,aftera shortwalk alonga moreand moredimlylighted
pathway,entersa largegallerywitha highceiling.Onthefarthestsideoftheotherwise
emptygallery,an immenseblackvelvettapestrycoversalmosttheentirewall. The
secondphaseof thevisualexperiencebeginswhenthevisitorfinally approachesthe
tapestrytoexamineit.Dependingontheamountofcontrolor decorumofthevisitor,it
maytakesomeminutesbeforetheviewerfinallyreachesouttotouchthetapestry.But
nothingis there!Thetapestryis reallya holein thewall.Afteranadditionallapseof
time-as thevisitortriesto ascertainhowshe/hewasfooled-thethirdpart of the
experiencetakesplaceastheviewerstartstosuspecthepresenceof a spaceor room
beyondtheholein thewall.By staringintoit, veryslowlyan entireroombecomes
visibleandissoonclearlypresent..." (SmithandBertolone1986p199)
In James Turrell's illusions boundariesare important.They are placeswhere
illusionsoccur. SusieKalil wrote aboutthe boundariesin Turrell's installation'Night
Light':
"As theboundarybetweeninnerandouterworldsvanishes,you confronta
dilemmasimilarto thatofphilosopherChuangTzu:Awakeningfrom a dream,hedid
notknowwhetherhe was a mandreamingthathe was a butterflyor a butterfly
dreamingthathewasa man.For afewminutes,you,too,existina stateofsuspension.
Itknowsneitherbirthordeath;itexistsinaneverlastingnow,itjust is."(Kalil 1998)
Figure2-46JamesTurrell(http://www.arc.cmu.edu/portfolio/v/documents/light/)
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Maurizio Nannucci is anothercontemporaryartist,who works with light. He
devotedhimselfto exploretherelationshipbetweenlanguageandvisual images.His art
is basedon linguisticideasandincludesvaryingmedia,suchasphotography,video,and
soundinstallations.In 1967,he beganto createhis neonwritings thataddeda further
dimensionto hiswork. SuzanneReeceobserves:
"...Nannuccis interestedlessintheplayofnaturalightthaninthefluidityand
flexibilityof light in thespatialandarchitecturalstructuresof theurbanworld.The
contentof this illuminatedneontextsis notconfinedto theconceptualanalysisof
reality,.insteaditpoeticallyreconcilestheconflictingclaimsof languageandthereal,
withtheconfidentassertionthat 'light'and 'beauty'aretwounquestionablefacts,or
provocativelyinvertscommonplacenotionsbyintroducinganoppositionbetweentext
andreality:'There'snoreasontobelievethatartexist'..." (Reece1999p37)
Figure2- 47 Lets talk aboutartmaybe,1993,Edinburgh(http://art.dada.it/nannucci/body.html)
Figure2- 48 Installation,Victorio Mira Gallery, 1983,London (http://art.dada.it/nannucci/body.html)
Figure2- 49 The missingpoemis thepoem,1969,Munich (http://art.dada.it/nannucci/body.html)
Figure2- 50 My senseof your senseof language,1994,Aarhus (http://art.dada.it/nannucci/body.html)
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Another striking light artist is from Netherlands.Joost van Santenis a visual
artist and works with natural light, intertwiningit to architecture.He benefitsfrom
technologicaltools relatedto lightandalsobuildshis own instruments.He saysthatthe
essenceof his work was to experiencelightas a partof theuniverse(Santen1998).In
the OrdnanceSurvey Building in Emmen he placedcolored mirror objects on the
skylightover thegalleryvoid thatreflectsunlightonto thewall andwhite panels.The
reflectedimagesvarywith thetime andmovementof clouds.In the railwaystationof
Amersfoort,thefront fac;adeis articulatedin varyingcolors.The sunraysfalling down
the interiorcreatemoving patternof colored light, which is the spirit of this project
(Figure2-28).
Figure2- 51 OrdnanceSurveyBuilding, Emmen, 14:00pm(http://home.wxs.nl/-jvansant)
Figure2- 52 OrdnanceSurveyBuilding, Emmen, 16:00pm (http://home.wxs.nl/-jvansant)
Figure2- 53 SethRiskin, Light Dance,he is anartistwho triesto definespacethroughlight andbody
language(http://web.mit.edu/mit-cavs/www/Seth.html)
Figure2- 54 SethRiskin (http://web.mit.edu/mit-cavs/www/Seth.html)
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2.4.THE LAST DECADE OF THE 20TH CENTURY
During the last decadeof the 20th centurylight becamea tool that can be
controlledby the increasingtechnology.It is possibleto direct,redirect,collect,diffuse,
color, and do whateverone can imagine for the spatial needs. And the desired
technologyin 80sthatwill leadto a reactingarchitectureis now avaible.Ot! Aicher, a
graphicdesignerwho works for ERCO, a lightingfirm, realizedlightingdesignsalmost
wholeof theimportantbuildingsofleadingarchitects,hadcommented:
"At thebeginningof this centurytherewasa cryfor light.A cult of sun-
worshippinghad arisen.Todaywe haveenlargedtheprograminto a controlled
interdependenceof lightandshade.Suchan architecturecannotberealizedfrom a
merelystaticbeauty.It needsanarchitectureabletoreactandtochange.Thisshould
beachievedby machinesas well as by individualmanualcontrol.Theresultis a
buildingwithvariable,moveablesails,blindsslatsandflaps. Theresultis a cheerful
kindofarchitecture." (Aicher 1990p17)
Architecturegaineda mediatedcharactertoday,as a resultof the new spatial
conceptsthroughincreasingtechnology.Recentarchitectureis full of examples,their
wallsformednotby multiplicationof windows,whichopentowardstruenature,instead
electronicscreens,supplyingdesiredview and spatial effectsto the viewer. In an
interview21,Paul Virilio states:" ... Architectureof theninetiesis loosingexactlythose
qualities,whichis usedtobeitsessentials.Stepbystepandpiecebypiecearchitecture
islettingsomeof itsconventionalcomponentsslip away...". The importancegivento
glassandtransparencytoday,Paul Virilio saysis a metaphorfor thedisappearanceof
reality:
"
Transparencyis a symptomfor thelossof matterin architectureand it
announcesmedia-buildingsproper:thefar;adewill bereplacednolongerbyglass,but
by screens.Thescreenwill advanceto thestateof thelastwall: no longera wall of
stone,butofscreens...".
Works of Toyo Ito are examples,showing the new mediatedarchitectural
concepts.In Tower of Winds, Egg of Winds, andthe 'Visions of Japan' in Exhibition
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'Dreams' in London, he createdstructuresthat interactswith the visitor and with its
contextin a mediaticway. The Egg of Winds, built in Tokyo in 1991,is an egg- like
structurelocatedin frontof thehigh-riseapartmentbuildings.The structureis wrapped
with aluminumpanels.In thedaytimeit is an object,which reflectsthesunlight,butat
night, it turns into a coloredsculpture,displayingvideo imageslive and recordedby
meansof five projectors,on theinternalscreensandon itsaluminumpaneledsurface.
Figure2-55Visionsof Japan,London
Figure2-56EggofWinds,Tokyo,1991
The tower of Winds, built in Yokohama in 1986,is an emptyaluminumtower
thathasno realarchitecturalfunction.The toweris surroundedwith acrylicmirrorsand
twelveneonrings and over one thousandbulbs are attachedbetweenthem.At night
soundsof people,naturaldata'ssuchas soundof wind and rain,actualeventson the
streetarerecordedand playedback graphicallyon the fayadewith help of computer
controlledlight sources. " ...Toyo1tocreatesan interactivearchitecturereflecting
wordsofanevanescentandabstractkindis theequivalentofa Zenlandscapepainting
featuringmists,mountainsandwind..." (lto 1995)
Figure2- 57Towerof Winds,Yokohama,1986(AD 67)
21 "DerBildschirmalsMauer" ("The ScreenasWall"), DeutscheBauzeitung,June1994
http://www.chez.com/freecyb/virilio/INTERVIEW.HTM
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The GalleriesLa Fayettein Friedrichstrasse,Berlin is anotherexamplefor the
mediaticunderstandingof designin the lateof the20th century.JeanNouvel wantedto
designa transparentbuilding,so that insideand outsidecould be connectedvisually.
Friedrichstrassewas oneof the mainculturalandcommercialcentersof Berlin before
theWorld War II andbeforetheseparationof Berlin. Duringthepostwarperiodit had
lostmuchof its character.After thedestructionof thewall, localadministrationdecided
to revivetheold Friedrichstrasseagain,andfor thatpurposeseveralcompetitionswere
opened.The basicrequirementin architecturalprogramsfor eachcompetitionwas that
the buildings should respect to the historical referencesin height, and fa<;ade
organizations.The GalleriesLa Fayettecouldbetakenasa conflictedexampleafterthat
explanation, however it is not. In fa<;adeorganization, the classic building
ornamentationslike architraveswere replacedherewith stripsof animatedelectronic
advertisements.The building tries to combine past and presenton its transparent
animatedfa<;adeasa screen.Besidesitsmediaticcharacteristics,thebuildingalsoshows
respecto daylightin interiordesign.In orderto getlightenterintotherequiredplaces,
severalvoidsof cylinderandconeswereplacedintothebuilding.The two conesin the
middleof thebuilding,attachedbaseto base,for example,providedaylightevento the
parkplacesin thebasementfloor.
Figure2- 58 GaleriesLa Fayette,Berlin (hgk archive)
Figure2- 59 Sectionshowingthe light cones
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Technological developmentslead architectureto another concept, called
intelligentarchitecture,and lightingsystemsconstitutean importantpartof it. Norman
Foster's buildings in severalplacesof the world appearin examplesto intelligent
buildings,wherelight is consideredasa fundamentaldesigncriterion.HongKong Bank
is oneof the first buildings,wheredaylightis controlledin a technologicalway. This
projectwas NormanFoster's first co- operationwith the lightingfirm ERCO. ERCO
designedcomputercontrolledsun scoops,attachedto the buildingexteriorandto the
topof the atrium,which catchesandcollectssunlightaccordingto thetime of theday
andtheweatherconditionsto directit to the innermirror in thetopof theatrium.From
therethesunraysarereflecteddowntheatrium,thento theground,andas far as to the
basementfloor. The collectorsalso containslarge lamps,whose color are computer
controlled,which cameinto use,when the amountof daylightis not enoughfor the
desiredlighting condition.And it is impossibleto differentiatebetweendaylightand
artificiallight.The sameunderstandingof lightandtechnologyrelationshipcanbeseen
inhisotherbuildingssuchasCarreArt deNimmesandStansteadAirport.
Figure2- 60 Sunscopsovertheatrium(www.erco.com)
Figure 2- 61 Hong Kong Bank atnight
There is also anotherkind of articulatinglight in the last decadeof the 20th
century,includestheworks of architectssuchas TadaoAndo, Ricardo Legorreta,and
PeterZumthor.These understandingof using light has a spiritual, and emotional
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charactermainly basedon historicalreferencesand local traditions.Sure,theybenefit
from artificial light and relatedtechnology,howevertheir work is mostly relatedto
daylight.They createdspacesand form their architecturein order to revealdesired
effects,relatedto humanpsychology,withthehelpof thedaylight.
Figure2- 62 PeterZumthor,ThermalBaths in Valls
(http://www.archined.nl/news/9809/zumthor_eng.html)
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CHAPTER 3
LIGHTING AS A TOOL FOR CREATING SPACES
3.1.VISUAL PERCEPTION
"Theeyeseesnoshapes;it seesonlywhatisdistinguishedbylightanddarkor
by colors.Pleasurein colors,singlyor conjoined,is experiencedby theeye,and
communicatedbythatorgantotheorganism.Pleasureinformisapartofman'shigher
nature,andtheinnermanimpartsit totheeye.
Lighttransmitsthevisibletotheeye;
Theeyetransmitsit toentireman.
Theearis themute,themouthis thedeaf;
Buttheeyebothunderstandsandspeaks."
GOETHE (Eiermann1997)
Lightarchitectureis basedon physiologicalopticsandthegeneralpsychologyof
perception.The eye is the tool, which enablesus to contactand interactwith the .,
surroundings.Informationon the physicalworld is mostlyconceivedby meansof our
eyes.
"Thefact thatour eyessit in thesameverticalplanemakesbinocularvision,
andso theabilitytojudgedistances,possible.Andalsoit hasbeenarguedthatthe
developmentof colorvisionwastheevolutionarybenefitashumankindmovedintoan
uprightstanceandlifeasa hunter." (Turner1994p25)
The eye however, is not perfect. There are lots of situations that cause
discomfortand disabilityon theeye.Too much light can causean effect calledglare
andthis can be uncomfortableand dangerousat the sametime. Sudden light, for
example,can makea driverblind at night.Overloadingtheeyewith a particularcolor
cancausedistortingafterimagesthatmeantheeyecanretainthesameshapeandcolor,
althoughthestimulusis removed.Furthermore,for physiologicalreasonsrelatedto eye,
wedonotperceivetheworld asactuallyit is. I In Parthenonthecolumnsareall inclined
inwardto formthe illusionthattheyarestraight.NorbertLechnerwrotein his book:
1 Forfurthereadingson thephysiologyof theeye:
Thecolumnshavea slightbulgetocounteracttheillusionof concavitythat
characterizescolumnswithstraightsides.Thecolumnspacingand thicknessvary
becauseof theeffectof highbrightnessratios.Brightcolumnsona darkbackground
looksturdierthandarkcolumnsona brightbackground.Thisis relevantbecausethe
centralcolumnsareseenagainsthedarkshadedbuildingwallwhiletheendcolumns
areseenagainsthebrightsky.Thus,theancientGreeksmadetheendcolumnsthicker
thanthecentralcolumns..." (Lechner1991p259)
Figure3- I ThewaythatParthenonwasbuilt(Lechner1991p259)
Figure3-2 Theeyeperceivestraightlinesinadistortedway(Lechner1991p259)
Visual perceptionis a complex process of information selection in which
context,priorexperience,andexpectationsarecombinedwith incomingdata.As quated
fromWilliam Lam:
"... Unlessdistracted,welookat whatwewantor needtosee,asdictatedby
activityand biological needsfor visual information.The visual attentionis
automaticallydirectedbythefocusselectortoelementsof thevisualfield, whichwill
providetheneededinformation.A distractingstimulusmaycausethefocusselectorto
redirectthevisualattention.Suchastimulusneednotbethebrightestthingintheview.
L. MICHEL, "Visual Perceptionfor Architecture",Light:TheShapeoftheSpace-
DesigningwithSpaceandLight,editedby J. Griffin (Van NostrandReinhold,New
York,1996),9-11
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thanthecentralcolumns..." (Lechner1991p259)
Figure3- 1ThewaythatParthenonwasbuilt(Lechner1991p259)
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Figure3-2Theeyeperceivestraightlinesinadistortedway(Lechner1991p259)
Visual perceptionis a complex process of information selection in which
context,priorexperience,andexpectationsarecombinedwith incomingdata.As quated
fromWilliamLam:
"... Unlessdistracted,welookat whatwewantor needtosee,asdictatedby
activityand biological needsfor visual information.The visual attentionis
automaticallydirectedbythefocusselectortoelementsof thevisualfield,whichwill
providetheneededinformation.A distractingstimulusmaycausethefocusselectorto
redirectthevisualattention.Suchastimulusneednotbethebrightestthingintheview.
L. MICHEL, "Visual Perceptionfor Architecture",Light:TheShapeoftheSpace-
DesigningwithSpaceandLight,editedby 1.Griffin (Van NostrandReinhold,New
York,1996),9-11
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The iriformationcontentand contextof stimulusalso play importantroles In
determiningitsperceivedrelevanceandimportance..."(Lam 1992p35)
Peoplefeel comfortablewhenthe illuminationlevelallowsthemto look atwhat
theywantto see.Similarly,discomfortariseswhenthe luminousenvironmentreduces
onesfreedomand ability to do see.The higherthe strength,quality,and information
contentof the stimuli, the betterone can see.These factorsare affectedby surface
characteristicsof the objects, as well as by the sourcecharacteristics,quality, and
quantityof the illumination.The experienceandattentionof thevieweralso affectthe
qualityof humanvision.All thesefactorsmustbeconsideredin thedesignof luminous
environments.
Light is notonly anessentialrequirementandthemediumby which thehuman
beingis ableto see.Through its intensity,theway it is distributedthroughouta space
and through its properties, light creates specific conditions that can influence
perception.Lighting designis, in fact, the planningof the visual environment.Good
lightingdesignaimstocreateperceptualconditionswhichpromoteaneffectiveworking
abilityas well as a feelingof well- being in a particularenvironmentandat the same
timeenhancingaestheticqualities.Lightingdesigncanthereforenotberestrictedto the
creationof technicalconceptsonly. Humanperceptionmustbe a key considerationin
thelightingdesignprocess.
Severalscientistsand lightingengineershavepointedout in their researchthat
lightingplays an importantrole in forming architecture.If carefully studied and
successfullyapplied, lighting can play an integral role in creating architecture
(TheodoreandBradshaw1994).Lightingcanenhanceanddetractfromthearchitecture
or thecolor schemeof an interior (Allpin 1959).IESNA (1987) notedthat lighting
couldplayan importantrole in reinforcingspatialperception,activityandmoodsetting.
Lightdetermineshow we perceivespace(Cullen 1986).This interactionof light and
spatialperceptionincludesseveralbasicsfromvaryingdisciplines,suchas psychology,
engineeringanddesign.The effectivefactorsrangefrom thetypesof the light sources
tothecolorarrangementof thespace.The directionof thelight sourcesandthetexture
couldalsobefactorsthatinfluencetheviewers'perception.
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3.1.1.THE PHYSICAL PECULIARITIES OF LIGHT AS A MEANS
OF VISUAL PERCEPTION
The scientific classificationof light sourceswas discussedbefore(2.1.1). It is
alsopossibleto classifylightsourcesaccordingto thephysicaloutputthatis muchmore
relatedto visual principlesthan quantitativevaluessuch as point, line, surface,and
volume.The visualcharacteristicsof lightaredeeplyrelatedto thespatialperceptionas
well as themoodthatis intentionallycreatedin the interioratmosphere.If it is thought
in termsof task lighting2it may be suggestedthatthetaskqualityrises from point to
volumetrictype of illumination.These physicalpeculiaritiesof light can be achieved
bothby daylightandartificial light.
The perceptionof light as a point in a spacemeansto createan aurawherea
lightsourceperceivedindependentof thecontext,withoutan intentionof focusingon a
surfaceor illuminatingvolume.The point,the sourceitself,hereattractsattention,not
thevolumeor partof thevolumein which the sourceis mounted.It is obviousthata
lightsource,evenwith a very low illuminationlevel,createsan illuminatedspace,or
givessomecluesaboutthe contextwhere it is located.That, however,is not the first
perceivedeffectby thatkindof articulation.An incandescentlightbulb in themiddleof
a ceiling is also a point in a room from which light is distributedthroughthe entire
space.There are, however, only little nuancesbetweenthe point and surface or
volumetrickindof illumination.The illuminationlevelandbrightnessratiois important.
Whenthe illuminationlevel increases,it is possiblefor thatincandescentlight bulb to
becamea sourcefor a surfaceor avolumethatservesfor thetaskneeds.
It is interestingto see that a light sources' physical characteristicschange
perceptuallydependingonthepointof observation.Streetlampsprovidean illuminated
route,avolume,in a partof a city for a passengeratnight.Howevertheyareperceived
aspointswhentheyareobservedfromaboveor fromanotherpartof thecity.The street
lampsin Kar~[yaka,izmir areperceivedas pointsfromAlsancak,howeverthesituation
2 Therequiredamountof lightthatis neededfor thedailyactivities.For a briefhistory
ofthedevelopmentof theperformance-basedstandards:C. Cuttle,"The New
Photometry",Developmentsin Lighting,editedby J. A. Lynes (Applied Science
Publishers,London, 1978)
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changesfor a VIewer, who does the daily trip at night under the street lamps In
Kar~lyaka.
Figure3- 3 Pointsof city lights.An InstallationbyDiana LoschenandAndrea Prassein Aegidientorplatz,
Hannover(Flagge 1994p209)
The developingtechnologyof fiberoptics has made possible to creation of
artificiallight effectssuchas starlightsthatareperceivedas points in interiors.When
the task needs are high, fiberoptics should be used with other kinds of lighting
techniquesin orderto reachtherequiredilluminationlevels.
In thecentralhall of PalacioGuell in Barcelona,designedby Antonio Gaudi, it
isachievedto createa perceptionof pointswith daylight.The daylightpenetratingfrom
theopeningson the pointedtower is softenedwith a surfacethathaslittle holeson it.
Thehall is connectedto otherspaceson eachsidewith graduallyincreasingbrightness
levels.The dimnessof themainhall makestheeffectof holesstronger.
Figure3- 4 CentralHall of Palacio OUell
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The perceptionof light as a line can be achievedin severalways. The light
sourceitselfcanbea line like a fluorescentlampor a neontubein varyingcolors.
Figure3- 5 Simon Ungers- Intensity(AD 67)
Figure3- 6 M. Nannucci- The Red Line (http://art.dada.it/nannucci/body.html)
Point lightsourcescanbearrangedin awaythattheyformlinesof light.Gestalt
psychologyclarifies this situation.The secondlaw of proximitysaysthata numberof
elements that are spatially close together tend to form a sub group.
Figure3-7 Michael Kahler- Underground(A+U307 p104)
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Another kind of creatinga perceptionof lines in a spacecan arise from the
outputof the light source.The searchlightsof the SecondWorld War, andthe more
recentlaser,aretheresultsof thedesiresfor linearlightbeams.
Figure 3- 8 Searchlights(A+U308 plIS)
Figure3- 9 Linear Beamsof Laser Light. An InstallationbyDianaLoschenandAndrea Prassein
Aegidientorplatz,Hannover(Flagge1994p209)
Linearityis oftenusedto createmovementin space.It psychologicallymotivates
motion.This effectof lightwill bediscussedin detail.
Figure3- 10William Kessler- Detroit Instituteof Art (Michel 1996)
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Figure 3- 11Riphan& Grod- UFO Palast,K51n(Flagge 1994p111)
Usually it is intendedto form a hierarchyin orderto arrangethe life in space.
Architectslike to control the dynamicsby creatingperceptualrelations.Light, both
naturalandartificial,canbeusedasa tool for achievingthis. In orderto makeanobject,
awall or anotherpartof architecturea focal point, it is enoughto highlightor washthe
surfaceof it. This would increaseits importancerelativeto theotherobjectsor partsof
space.
Surfaceilluminationcreatesareasof varyingbrightness.This is thekeyconcept
fordifferentiatingspaceperceptuallyandcanbeseenin avarietyof examples,suchasa
wallbeinglit with a wallwasher,a desklampon a table,or a paintingundera spotlight.
Figure3- 12Differencesin surfacebrightnesslevels.Dan Flavin, Baden-Baden 1989(A+U308)
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Flood lighting,an inventionof thetwentiesandstill populartoday,is alsoa kind
of surface illumination, which was once consideredthe most impressivetool for
markinga buildingin a cityscape.
Volumetric illuminationcreatesuniterallightingqualityin spaceby eliminating
the brightnessdifferences.The whole volume is perceivedin a total characterand
showsthe samecharacteristicsin termsof lighting. In a volumetricallyilluminated
spaceit is not possibleto perceiveone objectas moredominantthananotherobject.
Usuallyno shadowsoccur in space.For somespecificfunctions,suchasreadingrooms
andoffices, it is an intendedarticulation.However,it is alsoa resultof planning,which
lackof sensitivityin termsof lightingdesign.Lightingdesignersneedto besensitiveto
thevariationsin humanneedin orderto createpsychologicalcomfort.That mustbe a
keyconceptfor lightingdesigners.
Jutta Kehrer andPetraMager realizeda projectin 1994,which is calledHarbor
RailroadTunnel. Their aim was to trackdown a tunnelin the city thatwas out of use
since1992.Light was the creativetool in this project,and it is possibleto seepoint,
line,andsurfacearticulationstogether.
Figure 3- 13HarbourRailroadTunnel, Hannover(Flagge1994p212)
Figure3- 14HarbourRailroad Tunnel, Hannover(Flagge 1994p213)
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3.1.2.DIRECTION OF LIGHT
Direction of illuminationis very importantfor three-dimensionalobjectsin a
three-dimensionalsetting(IESNA 1987).The directionof light falling on an object
changeshow we seeit andthedistributionof a lightbeamalsoaffectstheappearanceof
an object. Birren statesthat light should neitherbe too directional(like a beamof
sunlight)nor too diffused(like a cloud).As thedirectionof lightaffectstheperception,
the placementof the light sourcesis important.The right place for a light sourceis
determinedby convention,by thesurroundingstructureandby theobjectwhich is to be
lit (Holmes1975p87).
Shadows and variations in brightnessare essential in a space, and only
directionallight sourcescan createshadowsthatarenotcompletelydiffused.When a
lightsourceis far awayfromtheobject,andalsosmall in thequantityof producedlight,
shadowsappearssharply.
Turnerstatesthatthedirectionof a lightsource,andchangesin its intensity,can
alterthe perceptualmoodof a space(Turner 1994p26).A singledownlighterin the
centerof a spaceproducesa visibleconeof lightwith shadowsaroundit (Figure3-14).
Addingfurtherdownlighterscreatesanambientlight,with lessdefinedshadows(Figure
3-15).Directingthedownlightingto washovertheendwall createsa strongerareaof
lightin the background,weaker in the foreground(Figure 3-16). This effect can be
emphasizedby increasingtheamountof light by addingmoredownlighters(Figure3-
17).
Figure3- 15(Turner1994p26)
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Figure3- 16(Turner1994p26)
Figure3- 17(Turner1994p26)
Figure3- 18(Turner1994p27)
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The arrangementof lightsources,andthe illuminationtechnique,is as important
as the quantity.Alterations in lighting arrangementscould changethe perceptionof
space.Lots of experimentshavebeenmadeon this subject.3A recentoneamongthem
belongsto B. ManavandC. Yener fromBilkent University. They prepareda roomwith
four different lightingarrangements.The lightingsystemswere generallighting,cove
lighting,wall washing,and uplighting.4The aim of the experimentwas to reachan
analysisof the perceptualdifferencesbetweenthe participants.The participantswere
asked to fill a questionnairethat included questionson six different impressions:
Clarity, spaciousness,relaxation,privacy,pleasantness,andorder.The resultswereas
follows: Wallwasherswerechosenasthebestlightsourcefor clarity.Cove lightingwas
thesystemthatprovidedspaciousnessandorder.The systemconsideredas suitablefor
relaxation,privacy,andpleasantnesswasuplighting.
Figure3- 19Objects underdifferent lightingsystems.The objecton the left is lit with a downlighter,and
therightone is lit with a uplighter.(Turner 1994p30)
3 Themostpopularexperimentsonthissubjectbelongsto1.E. Flynn, F.K. Smith,and
P. C. Hughes.For furtherreadingsontheexperimentsabouttherelationof the
arrangementsof the lightsourcesandspaceperception:
lE. Flynn,"InterimStudyof Proceduresfor InvestigatingtheEffect of Light on
ImpressionandBehavior",SelectedPapersonArchitecturalLighting,editedby M. S.
Rea(Spie,Washington,1992),435-442
F.K. Smith,"Spaciousness",LightingDesignandApplication65, 1989,18-23
P. C. Hughes,"An Examinationof Visual ClarityasaFunctionof Color Temperatureof
LightSources",LightingDesignandApplication21, 1977,22
4 Fordetailedinformationonthecharacteristicsof theroomandlightingsystemsused
intheexperiment:
B. ManavandC. Yener, "Farkh AydmlatmaDiizenlemelerininMekanm
AigiianmasmdakiEtkisi", II. UlusalAydmlatmaKongresi-Bildiriler, (Bile~im
Matbaaclhk,istanbul,1998),35-38
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3.1.3.BRIGHTNESS AND CONTRAST
Brightnessis a basic componentof visual perception.The absolutevalue of
brightnessas measuredby a photometeris called luminance.However,a humanbeing
perceivesthebrightnessof anobjectrelativeto thebrightnessof its surroundings.This
meansthat brightnessrequirestwo or more surfacesor objectsto considerone as
brighterthan the other.That kind of articulatingof light has been in use since the
Renaissance.The paintersof theRenaissancediscoveredthatit is possibleto highlight
objectsby creatingdark settingsratherthan by high illumination levels. The gray
trianglescanbegivenas anexample.They are identicalin brightness.Their luminance
as measuredby a photometerwill be the samebut their perceivedbrightnesswill
dependonthebrightnessof thesurroundingarea.
Figure 3- 20 Gray Triangles(Lechner 1990p260)
An interestingaspectof perceptionof brightnessis gammamovement5,which
influencesthe way we seea surfacein spatialdepth.When all physical featuresare
equal,a brightobjectwill appearcloserand largerthana darkerone,althoughtheyare
equalin distanceandsize.
Whentheappearanceof a surfacedifferssignificantlyfrom itsbackground,it is
saidto have brightness-contrast.Placing two surfacesor objectsof high contrastin
adjacentpositions changesthe appearanceof both. The perceivedbrightnessof a
surfacechangesaccordingto anadjacentsurfacethatis muchbrighteror darker.
5 Thistermbelongsto F. Kengel(1931),andstressesbrightnessadvances.
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Brightness-contrastis oftenusedin exhibitiondesigns.Sometimeshigh contrast
is used intentionallyin order to dramatizethe display. In the Kimbell Art Museum,
designedby Louis Kahn, brightness-contrastis used betweenpaintingsand panels
accordingto thegeneralbrightnesslevelsof thepaintings.
Figure3- 21 The Kimbell Art Museum(Millet 1996pIn)
3.1.4.COLOR
Studies in psychologyhave shown that colors could affect the mood and
emotionof participantsin space.The reasonsare still not clear.Red and orange,for
example,arebelievedto inducehungerandstimulateappetite.That is why thesecolors
arewidelyusedin restaurants,cafesandfood shops.It is alsopossibleto makea room
perceptuallylargeror smallerthanit actuallyis with theexpertuseof color. Brighter
colorsmakea room appearlarger,and darkercolors make it appearsmaller.Certain
placescanbeemphasizedby paintingthemin acolor thatcontrastswiththeothercolors
intheroom.It's also possibleto changetheproportionsof thespaceperceptuallywith
color-use.
Designersusecolors in orderto modify theshapeof a room.Use of color does
notmerelyimplyor suggesthatthewalls arepaintedin a desiredcolor.Using colored
lightandwashesin thedesiredplacealsocreatesthesameeffect.It is difficult to repaint
a roomeverytime a changein spatialeffect is desired,howeverlightscan easily be
turnedonandoff.
Color also adds spatialdynamismto spaceby keepingthe humanresponses
activeand avoiding visual adaptationand monotony.The Palace of Justice in the
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Hague,Netherlandshas achievedthatunderstandingof spacewith the work of Joost
vanSanten.He placedvaryinglensesthatcolor thebeam,to theskylightsoverthethree
light wells, which are in relationto all thefloors in thebuilding.Light beingreflected
and colored entersthe building interior and createsdazzling effects that show the
importanceof color in architecture.
Figure3-22ThePalaceof Justice(http://home.wxs.nl/-jvansant)
According to Lou Michel thecolor of buildingmaterialalso affectsthe spatial
perceptionof exterior surfaces.He mentionsthat the color of material influences
spaciousnessin a distinctiveway (Michel 1996p120).The Bema Nantes in France,
designedby Manuelle Gautrand& Associatesin 1994is an exampleof materialthat
createsa spatial tectonicthroughcolor. The building is enclosedwith a translucent
materialin orderto let the daylightenterthe interiorspace.Artificial light sourcesof
differentcolors are placed in the interiornext to the translucentsurfaces.They are
randomlyoperatedin differentcolorsandtheoutsideview of building changesall the
time.It is like a glimmeringliving creature.
Figure3-23BemaNantes(L 'architectured'aujourd'huiSep.98p38)
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The bedroomof St. Martins Hotel, London in the figures below show the
changingcharacterof a roomthroughchangesin color.
Figure3- 24 St. Martins Hotel, Philip Starck (Abitare391p162)
Homogeneous sunlight includes componentsthat differ from each other
physically.They differ in frequencyandwavelength.The color of daylightappearsas
white,becauseit is madeup of differentcolor componentswhich togetherperceptually
resultin thecolor of white. Similarly,an objectappearswhitebecauseits surfaceis in
whitelightandtheotherwavelengthsareall reflected.Whenoneseesa coloredobject,
it is nota resultof coloredlightbutreflectedlight.The objectabsorbsthe lightof other
wavelengthsandreflectsbackthecoloredones.
R. Unvermentionsthatthecolorperceptionunderartificial light is dependenton
threefactorsCUnver1998p27):
· The color of thelightsource
· The color of theobjector surface
· The color perceptionsystemof theeye
If thecolor characteristicsof a light sourcechange,the characteristicsof color
thatis reflectedbackfromtheobjectalsochanges.The objectis perceivedin a different
colorthatit actuallyis.Objectsareperceivedin theiroriginalcolorsonlyunderdaylight
ora lightsourcethatis physicallysimilarto daylight.Unvermentionsthata lightsource
thatis similarto daylightcontainsall thecoloredlight homogeneously.Figures in the
nextpageshowthechangesin color perceptionunderdifferentlightsources.
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Figure3- 25(Turner1994p39)
Figure3-26(Turner1994p39)
Figure3-27(Turner1994p39)
Figure3-28(Turner1994p39)
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3.2.THE EFFECTS OF LIGHT ON SPACE
3.2.1.THE INTERACTION OF LIGHT AND STRUCTURE
(t•••Structureis themakerof light.Whenyou decideon thestructure,you're
decidingonlight.In theoldbuildings,thecolumnswereanexpressionof light.Light,
nolight,light,nolight,yousee.Themoduleisalsolight,nolight.Thevaultstemsfrom
it.Thedomestemsfromit.Andthesamerealizationthatyouarereleasinglight..."
Louis Kahn (BrownleeandLong 1991p212)
Structurehasan importantrole on thespatialconfigurationsachievedwith light
in a construction.Most of all, structuredetermineslocationsof openingsfor incoming
daylight.Besides, it dictatesthe placeswhere supportingartificial lighting will be
located.
The Roman Pantheon,with its centraloculus, is an examplefrom the ancient
world,showinghowtheRomansusedlightto articulatespace.Light is utilized literally
ratherthanin an abstractandmetaphoricalway, so thatas sunlightmovedthroughthe
space,it would highlightthe figuresand statuespresentedin the interior space.The
intendedcharacteristicof movinglight in spaceis providedby thestructuralabilitiesof
thattime.
Another exampleis Hagia Sophia in Istanbul,where the structureis formed
accordingto intendedlight effects,which was and still is an importantpart of the
liturgy.Hagia Sophia in its original shapehada totalydifferentspacequalityachieved
withlighteffects.The interiorwastotallydifferentthanit is today.The domeconsisted
of manymoreopeningsandwas brighter.Besidestheopenings,themaindomeplayed
anactivepart in luminosityof the church.The original domehad an unusuallyflat
curvature,whichwasthereasonfor itsdownfall.This is criticizedasa lackof structural
knowledge,howeverit seemsthatthechoiceof thearchitectsderivesfromthe intended
lighteffectsin thechurch'sinterior.IakovosPotamianossays:
" ...If theyhadsimplyaimedatstructuralabilitytheywouldhavefollowedtime-
honoredantecedents,but,instead,theychosetodefytechnologicallimitationsinorder
toachievea highlydesiredeffect..." (Potamianos1997p161)
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Figure 3- 29 Profile of the original dome with Anthemius' reflectorson the window sills. (Potamianos
1997p163)
The maindomein Byzantinechurches,wherethe imageof thedeityis placed,is
bright,stemmingfrom the belief thatthe deity is the distributorof light. Besides, in
orderto makethis effect stronger,Anthemiusdesignedoptical reflectorswhich were
placedat thewindowsills of thedomeof Hagia Sophia.The aimwas to directtherays
of sunlight to a given point (onto the image of the deity) independentfrom the
movementof sunduringtheday.It is alsoknownthatthemosaicsin thechurcharenot
straight,insteadangledin orderto directtheraysof lightto intendedlocations.This was
reportedby ThomasWittemore,anAmericanscientistin chargeof the 1950restoration
(Rlfat 1998 p39). Under the direction of ERCO, a lighting company, the dome
underwentrecentrestorationsagain.The lightingfirm ERCO waschargedto constitute
the lightingdesign.After this restorationthe church is now really far away from its
originalstate.
Figure3- 30 Hagia Sophia(FOL 9 p38)
Figure3- 31 Hagia Sophiaafterthe lightingdesignof ERCO (www.erco.com)
69
The relationshipbetweenlightandstructurehasbeensolidifiedwith theadvent
of newtechnologies.The useof iron andglassin buildingsrevolutionizedthebuilding
interiors,allowing as much light as possibleto penetrateto the space.The Crystal
Palace and The Bibliotheque Nationale are examples of the new daylighting
possibilities;derivedfromthestructuralabilitiesof thattime.
Figure 3- 32BibliothequeNationale,Henri Labrouste,Paris
(http://arch.ou.edu/a/end/2423/Chapter%2023/slide3.htm)
In modernarchitectureit is possibleto seestructurein a leadingrole in shaping
formandspace.The KresgeAuditorium,designedby Eero Saarinen,built in 1954,is an
exampleof a buildingformderivedfrom its structuraldesign.The interiorspacesof the
KresgeAuditorium area resultof its structuraldesign,which also directstheentryof
daylight.A similarwork of Eero Saarinen,theTW A Terminalat KennedyAirport in
NewYork, alsoshowsthestructure,formandlight relations.
Figure3- 33The KresgeAuditorium
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Figure3-34TWA Terminal,NewYork
The PalazzoDelio Sportin Rome,designedby Pier Luigi Nervi is an important
exampleshowing the importanceof light on architecturalspaceand light-structure
interrelations.The building's interior is coveredwith a dome,measuring328 feet in
diameter,which hasa patternedsurface.The domeis coatedwith opaquematerials,and
does not have any transparentsurface. Light entersthe building from triangular
openings,which areplacedat the intersectingpoints,wherethedomestructuremeets
thegroundbehindthe bleachersand a stunningbrightness-contrastoccurs. Light, as
reflectedfromthesupportingwalls, reachesthedome'spatternedsurfaceandexposesit
by creatinglightandshadoweffects.
Figure3-35 PalazzoDelioSport,PierreLuigiNervi,Rome
( http://www.structurae.de/DataGerman/str00052.html)
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3.2.1.1.USE OF LIGHT AS A STRESSING ELEMENT ON
STRUCTURE
The Finca Gtiell in Barcelona,designedby AntonioGaudi,consistsa simplebut
effectiverelationshipbetweenlightandstructure.Gaudidesignedparabolicarchesand
betweenthemwindows are seton bothsides.Here structuredefinestheplaceswhere
light enters.Light enteringfrom the windows betweenthe archescreatesbright and
semi-brighttextureson theparabolicarchesof Finca Gtiell, makingthemperceptually
stronger.A spatialrhythmoccursin the interior,which alsohasa roleontheperceptual
strengthof structure.
Figure 3- 36 Finca Gtiell, Gaudi, Barcelona
Frank Lloyd Wright is an importantnamefor the useof light in architecture,
sincehe investigatedthe integrationof structureand light throughouthis career.Light
providedan importantdatafor him in his architecturalcreations.He used light as an
integralpart of the structureand building interior. The light court in the Rookery
Buildingin Chicago,Illinois is oneof hisearlyworks.Wrightwaschargedtodesignthe
interiorof this building. He addeda light court, constructedof iron and glass and
createda highly lit atmosphere,which is alsomadestrongerby thetwelvechandeliers,
hungontheintersectionpointsof theironbeamsthatforma square.Wrightalsocreated
acontrastbetweenthe colorsof the interior.The structureis white andalmostall the
othercomponentsof the building interiorare black.Here the effectivenessof light is
madepossibleby thestructure,by thespansallowableby thecastiron system,andthe
effectsof that light, with the help of the artificial light sources,makethe structural
systemperceptuallypowerful.
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Figure3- 37 The light court in RookeryBuilding (http://www.geocities.com/SoHo/1469/tlw.html)
Figure3- 38 Sectionshowingthelight courtof theRookeryBuilding
The Johnson Wax AdministrationBuilding in Racine, Wisconsin, built from
1936-39is anotherexampleof Wright's intentionto combinelightandstructure.Here,
Wrightusedspecialcolumnsthatdo notneeda physicalconnectionto theouterwalls
for their support.Consequently,a gap betweenthe outerwall and roof construction
couldbe left blank,wherethedaylightcould enterthe interiorspace.Wright said for
thisbuilding:
"Glasstubinglaid upbricksin a wall composeall thelightingsurfaces.Light
entersthebuildingwherethecorniceusedtobe."(Lipman1986p41)
Figure3- 39The mainworkroomof theJohnsonWax AdministrationBuilding, Racine
(http://www.greatbuildings.com/cgi-bin/gbi.cgi/Johnson_Wax_Building.html/cidjohnson_wax_002.gbi
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The gapsbetweenthe mushroomstructuresare filled with pyrex glass,which
formsa secondway for daylightto enter.The innovativestructuralconceptallows light
to penetrateto everypartof the building.The overall quality of light in the interior
(work room) is soft and free of shadows.The speciallydesignedpyrexglassdiffuses
light,avoidinga feelingthatilluminationis framedby theroof construction.Light here
was involvedas a partof the inspirationof the structuralinnovations.This building is
also an exampleof a specific building type; formedwith the intentionof allowing
greateramountsof daylightto enterandto minimizetheenergycosts.
Another excellentexampleis the GuggenheimMuseum in New York that is
built in 1955-59.Wright designeda skylighton the upperfloor, which bringsnatural
lightdeepinto thebuilding.The skylighthasa circularform and is an integralpartof
thestructure.In orderto achievethis, Wright continuedtheconcretestructureon the
upperfloor. As the structurebeginsto turn accordingto the form of the skylight, it
suddenlybecomesa partof it with steeland glass.Artificial light sourceswere also
placedon the edge of the circular form, where the concreteand glass structure
intertwine.
Figure3-40GuggenheimMuseum,NewYork(http://www.thais.it/Guggenheim/image/006_it.htm)
Louis Kahn is anotherimportantnamein thecreationof an interrelatedwhole of
structureand light. He used light as a dominantcharacteristicin much of his work.
"...Hisworkwasbasedonthespiritualandmysticalaspects0/experiencinga space
andtheusea/lightasthecentralelementa/thesespaces..." (Brogan1997p7)
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For Kahn, masswas alwaysanalyzedrationallyas aquestionof structure,while
spacewas definedmore mystically in termsof naturallight, the energythatbrought
spaceto life. The manipulationof bothstructureandlightwasessentialin making'the
room', andhebelievedthattheycouldbemadetowork together(Brownlee,Long 1991
p212).In 1971in anarticlehewrote:
"Theroomis thebeginningof architecture.It is theplaceof mind.Youin the
roomwithits dimensions,itsstructure,its lightrespondto itscharacter,itsspiritual
aura,recognizingthatwhateverthehumanproposesandmakesbecomesa life. The
structureoftheroommustbeevidentintheroomitself.Structure,I believe,is thegiver
of light"(Kahn 1971p33)
Kahn experimentedwith systemsthatcouldwork in buildingsfor achievingthe
integrationof structureand light, such as perforatedscreenwalls. The Kimbell Art
Museum in Forth Worth, Texas and Yale Centerfor British Art aretwo of his latest
worksthataretheresultof Kahn's proficiencyin integratinglightto architecture.Kahn
said:
HArtificiallightis onlyasinglemomentin light...I cannotdefinea spacereally
asaspaceunlessI havenaturalight.Andthatbecausethemoodswhicharecreatedby
thetimeofdayandseasonsoftheyearareconstantlyhelpingyouinevokingthatwhich
aspacecanbeif ithasnaturalightandcannotbeif doesnot.Andartificiallight-beit
inagalleryor beiteveninanauditorium-losesoneagreatdeal."(Kahn 1961p14)
Kahn's intentionsin using daylight,his conceptsof an architectureof sky lit
rooms,was themainreasonfor gettingthejob for designingtheKimbell Art Museum
(Brownlee-Long, 1991).Richard Brown, the directorof the museum,developedthe
architecturalprogram:
H•••Naturallightshouldplay a vitalpart in illumination...Thevisitormustbe
abletorelateto naturemomentarily...toactuallyseeat leasta smallsliceoffoliage,
sky,sun,water.Andtheeffectofchangesin weather,positionof thesun,seasonsmust
penetratethebuildingandparticipatein illuminatingbothartandobserver...Weare
afterapsychologicaleffecthroughwhichthemuseumvisitorfeelsthatbothheandthe
arthecametoseearestillpart of thereal,rotating,changeableworld..." (Meyers
1979p61)
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The museumformsa multiplicationof vaultedunitsstucktogetherby defining
enclosedcourtyards,and vaultedgalleryspacesdevelopedby Kahn in the very early
designsketches.The freehandsketchof Kahn in 1967showshis ideasontheinteraction
of form, structureandlight in theKimbell Art Museum.
Figure 3- 41 An earlysketchof thegalleryof theKimbell Art Museum(Millet 1996p166)
The vaultsareorientedonthenorth-southaxis,andeachhasa slit in middle for
daylightto enter.The aim was to stressthe structurein daylightand reflectthe light
fromtheceiling in orderto controlthequalityandlevelofthe light for theexhibitedart
pieces.After longstudiesKahn andhis staff developedtwo reflectors.60neis madeof
perforatedaluminum for the lobby, bookstore,dining area, library and auditorium,
whereprotectionfromdaylightwasnota problem;anotheris opaquefor thegalleriesin
orderto block directsunlight.The lightingconceptfor themuseumis notonly thevault
andthereflector.Kahn describedthelightingconceptin a speechhegavein 1967:
"...Addedto theskylightfrom theslit overtheexhibitrooms,1cutacrossthe
vaults,at a right angle,a counterpointof courts,opento thesky of calculated
dimensionsand character,markingthemGreenCourt, YellowCourt,Blue Court,
namedfor thekindof lightthat1anticipatetheirproportions,theirfoliation,or their
skyreflectionsonsurfaces,oronwater,willgive...Reflectorisshapedtospreadnatural
lightonthesidesof thevault.Thislightwill givea touchofsilvertotheroomwithout
touchingtheobjectsdirectly,yetgivethecomfortingfeelingofknowingthetimeof the
day..."(Kahn 1969p15)
6 For furtherreadingson theprocessof thedevelopmentofthe reflector:
M. Meyers,"Mastersof Light: Louis Kahn",AlA Journal68, 1979
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Figure3- 42 The reflectorin thegalleryinterior(AD 67)
Figure3- 43 Sectionshowingthereflectorof thegalleryin theKimbell Art Museum
Daylight thatwas not diffusedwas also used in orderto definethe structure.
Kahn createdthin slits,just two or four incheswide, so as not to causea sensationof
glare,at theendof thevaults,wherecontinuouswall supportis notneeded(Jordy 1974
p43).Kahn called this thin plexiglasslight bands 'lunettes'.Kahn's creationof the
skylightsystemin theKimbell Art Museumis uniquein architecturalhistory.He parted
thestructureandinterconnectedsupportand illuminationaltogether.In theKimbell Art
Museumthevaultandthelightareone,composingawholetogether.
Figure 3- 44 Kimbell Art Museum(Brownlee andLong 1991)
3.2.1.2.LIGHT THAT CONCEALS THE STRUCTURE
That light concealsthe structuremay seemratherodd, sincelight makesthings
visible and reveals them. Sometimes, however, structure is purposefully or
thoughtlesslyhiddenthroughtheuseof lightor throughthedynamicscreatedby light.
Sometimesthewaythestructurelooksandtheway it reallyworks maynotmatcheach
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other.When light concealsstructure,the lawsof physicscomeintoplayanddetermine
the rules for structuralsupportexist. Such illusions of light may be contraryto our
expectationof structure,givingthemunexpectedappearances.
The Notre Damedu Haut in Ronchamp,France,designedby Le Corbusieris a
goodexampleof the intentionof hiding the structurethatcreatesa spatialquality. In
Notre Dame de Haut light was usedas an integralpartof the structure,also as an
upliftingelement.The ceiling on thesmall chapel,bulgingin themiddle,seemsto be
heavy.And the southwall with theopeningsseemsto be thesupporterof theceiling.
However,thereis a slit betweenthewall andceiling,which is tencentimeterswide and
allowsdaylightto enter.Thereis no connectionbetweenthem.Here it is possibleto see
thatlightconcealsthestructure.In fact,theroof is supportedbythereinforcedconcrete
columnslocatedinsidethethick walls. The ceilingseemsto beheavy,butin fact it is a
light-weightstructure,constructedlike a wing of anairplane.
Figure3- 45 Notre Damedu Haut,Ronchamp
(http://www.tulane.edu/lester/text/1890-Present/Modern/Modern.html)
Figure3- 46 Sectionshowingtheroof structureof Notre Damedu Haut (Millet 1996p65)
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Tadao Ando utilized light in The Light Church in Osaka in a similar way.
Behind the desk in the lectureroom is a cut-outthatformsa cross,wherelight enters
and createsa stunningbrightness-contrastin thedim interior.It is quite surprisingto
perceivethe upperwalls thatformthecrossseemsto beunsupported.There is no clue
for thevisitoraboutthestructurebywhich theyarecarried.
Figure3- 47 Light Church,TadaoAndo
That kind of utilization of light can also be seen in classic architecture.In
Bavarianchurches,light is manipulatedwith thehelpof theform andcolor to conceal
thestructure.Millet wroteabouttheZwiefaltenchurchin Germany:
"...Columnsandplasterarerichlycoloredandtexturedin a techniquecalled
scagliola,7 andthusvisuallyseparatedjromthewhitepedestalsbelowandentablatures
above...Theybegintofloat, exchangingtheirtectonicfor a morepurelyornamental
function...Therealityof thestructureisnotsacrificedfor anillusion,ratherstructureis
manipulatedbymeansof lightandcolortoa completeartform,theBavarianrococo
7 Plasticwork imitatingmarble,graniteandetc.
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church,in whichpainting,sculptureand architecturewerepictoriallyfused into
illusionsofheavendescendingrightintoitschurches..." (Millet 1996p66)
Figure3-48ZwiefaltenChurch(Millet 1996p57)
3.2.2.RELATING SPACES THROUGH LIGHT
"Spaceremainsinoblivionwithoutlight.Light'sshadowandshade,itsdifferent
sources,its opacity,transparency,translucency,and conditionsof reflectionand
refractionintertwinetodefineor redefinespace.Lightsubjectspaceto uncertainty,
forminga kindoftentativebridgethroughfieIdsofexperience..."
StevenHOLL (Holl 1989pll)
Architecturalspaceis anenclosure,in which lightplaysan importantrole. Such
lighthasmanycharacteristics.It is especiallyevidenton anexteriorwall, whereinside
andoutsidemeet.Light can be usedhereto emphasizethe connectionor separation
betweenthe two. Light can also connector separateinterior spaces.These physical
effectsof lightarerelatedwiththehumanperceptualsystem.Whenlight is manipulated
it alsochangesthe perceptionof architecturalspace.Whenthe lightingconditionsof a
roomchange,theperceptionof thatroomchangesautomatically.
To providehumancomfort,mostof the naturalelements,such as rain, heat,
cold,dustandso forthneedto beexcludedfromtheinterior.However,light is a desired
element.At this pointperipheralor boundaryelementsbecomeimportant.The regional
climatefactor is also an importantcriterionfor the boundaryelement.It can be the
reasonfor introvertedor extroverteddesignsthatresultin openilluminatedinteriorsor
closeddim interiors.The window is the major linking tool betweenthe inside and
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outside.With its size, it createsthe feeling of connectionto, or separationfrom, the
outside.Window placementdeterminesthe relationshipto the landscape,while the
amountof lightthatentersthespacedependsontheactualwindowfeatures.
The functionof a buildingalsodeterminesthenatureof connectionor separation
m design. church interiors are usually dim since they require a dark atmosphere,
separatedfromtheoutsideworld in orderto inspiredevotion.The successof designin a
mosques,on theotherhand,is connectedto illumination.The threemosquesof Mimar
Sinan (Sehzade,Siileymaniyeand Selimiye)havedifferentlightingqualities.Each of
themis mureilluminatedthantheonebuiltbefore.SelimiyeMosquein Edirne,which is
consideredby Mimar Sinan as a work of his masterperiod,has the most naturally
illuminatedinteriorderivedfrom theconstructiveinnovations.8Though bothmosques
andchurchesserveasstructuresfor religiousdevotion,it is clearthatthe lightingneeds
anddesignsaredeterminedby culturalor ritualisticbeliefs.
8 For furtherreadingsonthe lightingconditionsof mosques:
O. Bolak,"CamilerinAydmlatIlmaslOzerineBir Ara~tlrma",(istanbulTeknik
UniversitesiYaymlan, istanbul,1969)
81
3.2.2.1.CONNECTING SPACES THROUGH LIGHT
The differencebetweeninsideandoutsideis definedbythedifferentamountsof
light. The key to connectingspaceslies in creatingthe approximatelyequal lighting
conditions.That is not only relatedto the sizesand locationsof the openings.It is a
designproblem,includingotherfactorsas well, suchas constructiondetails,flora,and
formalarchitecturaltypologies.
The EamesHouse in Pacific Palisades,designedby CharlesEamesin 1949is a
good exampleof the connectionbetweeninsideand outside,achievedby light. The
househas almost a total transparency.The transitionfrom insideto outsideor from
outside to inside, is carefully designed.The level of illumination is almost equal
betweeninsideandoutside,so a smoothpassingcouldbeachieved.The flora playsan
importantrole in reducingthelevelofthe lightoutside.Also theshadowscreatedbythe
floraon the insideandoutsidebreaksthematerialityof theelementsattheboundaries.
Figure3-50InterioroftheEamesHouse(Massey1990pIS?)
Figure3-51EamesHouse(Millet 1996p97)
The Glass Houseof Philip Johnson,Built in 1949in New Canaan,Connecticut
reachedan extremein connectinginsideand outside.Johnson usedplateglass from
floorto ceiling. The transparencyof thehouseis enhancedby its placementdirectlyto
theground.This is only interruptedby the solid brick stackcontainingthe bathroom.
The surroundingdense flora also helps by softeningthe daylight. Millet attached
importanceto thetechniqueof lightingatnightasthemoststrikingeffectin thishouse.
Thehouseis illuminatedatnightfromoutsideby thespotlightsthataremountedunder
thesurroundingextensionof theroof plate.Light reachestheinteriorby beingreflected
82
by the pavementsurfaces.While this may be an expensivechoise,thevisual effect is
oneof themaximumconnectionof insideandoutside(Millet 1996p98).
Figure 3- 52 Glass House,Philip Johnson
Another way of connecting inside and outside is to use courtyards.This
tradition,especially in the hot regions,goesback to ancienttimes.That is a kind of
extendingthe interiorspaceto includethe exterior.Use of courtyardshelp to modify
light beforeit entersthe building. Louis Kahn hadusedthatold traditionin orderto
build a connection through light betweeninside and outside. In the Kimbell Art
Museum,the lightingconceptincludedthatkind of articulationof light.He designed
threecourtyards,differentiatingeachotherwith their foliage,scale,and surfaces.The
reflectionsthroughthe interiorspacesvaryaccordingto theircharacteristics.Thatwasa
vitalpartof thearchitecturalprogram.
Figure 3- 53 Courtyardin theKimbell Art Museum(Brownlee andLong 1991)
Figure 3- 54 Courtyardin theKimbell Art Museum(BrownleeandLong 1991)
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In the Yale Centerfor British Art Kahn achieveda connectionbetweeninside
and outsidein a differentway. Daylightcan reachthebuildingthroughskylights.The
distributionof light in the galleries is controlled(filteredthroughseverallayers), in
orderto providetheneededilluminationlevelsfor theartpieces.But in the lobby,light
is allowed to penetratethroughskylights directly, bringing the moving patternsof
sunlight and changing levels that indicatethe changingweatherconditionsoutside
(BrownleeandLong 1991p212).It is possibleto seetheskythroughtheskylight.The
lightcreatesmovingpatternsonthewall surfaces,materialsandforms.
Figure3- 55Lobbyof theYaleCenterforBritishArt, LouisKahn(Millet 1996p98)
A similarapproachof connectionto theKimbell Art Museumcanbeseenin the
NeueNationale Gallerie, designedby Mies van der Rohe in Berlin. The building is
constructedfrom steelandglassandhasa totaltransparency.The four facadesof the
building catch a connectionbetween inside and outside, which derives from the
construction techniques that provide a transparency.These seem somewhat
uncomplicatedto deservemuchattention.However,the courtyardlocatedbehindthe
building,and relatedto the basementfloor galleries,offers a magnificentaura,where
lightcreatesa smoothconnectionto interiorthroughtheflora,water,andsculptures.
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Figure3-56NeueNationaleGalerie,MiesVanderRohe(hgkarchive)
Figure3-57Courtyardof theNeueNationaleGalerie(hgkarchive)
Inside spacescan also be connectedthroughthe useof light. Here comesthe
term 'borrowedlight' thatdefinestheconnectionbetweeninsidespaces.Light is often
borrowedfroma spacewith directaccessto lightanddeliveredto an interiorroom.The
BancoPopolarein Verona,Italy, designedby Carlo Scarpausesthis techniquein order
to illuminatethecorridorspacesthatdo nothavea directaccessto daylight.He created
openingsbetweenthecorridorandoffice spacesanduseda kind of glassthatlet light
penetratethroughyetalsoprovidedvisualprivacy.
Figure3-58TheopeningsbetweenthecorridorandofficespacesintheBancoPopolare,CarloScarpa
(Millet 1996p112)
Figure3- 59Thesmoothusesof colorandlightingconditionscreatesavisualconnectionbetweenframed
spaces,DanFlavin(http://www.diacenter.org/exhibs/tlavin/images.html)
3.2.2.2.SEPARA TING SPACES THROUGH LIGHT
Artificial light is the most obvious separatorof inside and outside.Electric
lightingproducesbrightlylit interiorsandcreatesbig differencesin illuminationlevels
betweeninsideand outside.Certainlythat is not an intendedcreation.There arealso
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situationswhere a separationbetweeninsideand outside,or inside spacesaimed in
order to avoid the disturbinglight of hot climates,to createillusions, to enhancethe
spatial qualities,or to createan aura of an introvertedspace.The elementof this
separationcaneitherbeartificial lightor daylight.
Louis Kahn, who alwaysconsideredlight and its effect in space,developedan
architecturallanguageof separationbetweeninsideand outsidethroughlight. Light
qualityand comfortwerethe importantcriteriafor him. As mentionedbeforehe used
perforatedscreenwalls in orderto controlthequantityof lightthatentersthespace.He
said:
"...1cametotherealizationthateverywindowshouldhaveafreewalltoface.
Thiswallreceivingthelightof thedaywouldhavea boldopeningtothesky.Theglare
is modifiedbythelightedwall,andtheviewis notshutoff.In thiswaythecontrast
madebyseparatedpatternsofglarewhichskylightgrillsclosetothewindowmakeis
avoided..." (RonnerandJhaveri 1987p322)
Kahn plannedthe buildingsin Dhakafor thegovernmentof Bangladesh.These
buildingsshow his intentionsin controllinglight. The SuhrawardyCentralHospital in
Dhaka has an entranceverandahthat is usedas an absorberfor the strongsunlight.
Views from the lobbyarecontrolledby theouterwalls thatreceivereflectedlight from
theconcretefloor andceiling.Kahn's developmentof a freewall outsidewas a unique
approachto theproblemof controllinglight.
Figure3- 60The entranceverandahof theSuhrawardyCentralHospital,Louis Kahn, Dhaka
(BrownleeandLong 1991)
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Figure 3- 61National AssemblyBuilding ambulatory,Louis Kahn, Dhaka(Brownlee andLong 1991)
Figure 3- 62North entrancestaircase
Le Corbusier also developedseveralways of controllinglight and separating
insidefromtheoutside.The brise-soleils9in Cite deRefugein Paris (1929-33)andthe
ondulatories1oin La TouretteMonasteryshowhis ability in realizingthis.
Figure3- 63 Cite deRefuge,Le Corbusier
Figure3- 64 La TouretteMonastery,Le Corbusier
Jean Nouvel showedthe technologicalway of separatinginsideand outsidein
theInstitutdu MondeArabe in Paris. The hugesouth-facingwall hasbeendesignedas
a60mscreen.Its appearanceseemsto be Islamic in decorativeterms.It is, however,an
9 Largescreensplacedin frontof thefenestrationin orderto blockdirectsunbeams.
10 Verticaldivisionpanelsplacedatvaryingintervalsaccordingto themodulor.
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oculardevice,madeup of numerousandvariouslydimensionedmetallicdiaphragmsset
in piercedmetalborders.These diaphragmsoperatelike a cameralens to control the
sun'spenetrationintothe interiorof thebuilding.The changesto theirisesarecomputer
controlled accordingto the time of the day and the seasons.The changeson the
diaphragmscan beobservedon thefacadeoutsideandthatcreatesa feelingof a lively
building.The mainconceptof thisbuildingseemsto bea "playof light".
Figure 3- 65 The fayadeof the Institutdu Monde Arabe
Anotherstrikingexampleis fromNetherlands.Joost vanSantenis a visualartist
and works with natural light, intertwining it to architecture.He benefits from
technologicaltools relatedto light andalso buildshis own instruments.He realizedan
artworkin his studiowiththehelpof a tool thathecallsa lightmodulell.
Figure 3- 66 Studio,Joost vanSanten
Figure3- 67 Studio,Joost vanSanten
II Light modulesaretools in which imagesappearunderthedaylight.Theseimagescan
beprojectedontoa translucentscreen.They canbeputtogetherto form 'walls of light'.
(Santen1998)
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The light modulesareplacedonto thethreewindowsanddaylightcastsimages
from color filters and reflectors on to translucentscreens,hung inside the three
windows. The projectedimageschangecontinuously,dependingon theseasonandthe
time of day. At the sametime they presentthe technologicaland amazingability of
separatinginsideandoutside.
In the Rio GrandeNatureCenterand preservein Albuquerque,New Mexico,
designedby Antoine Predock in 1982,the windows are designedso that they are
perceivedas framedpicturesof thesurroundinglandscapethatwerehungon thewalls.
One only realizesthatillusionwhensomethingbeginsto movein theview. Windows in
the building are placedat differentheightsto framespecific views for the visitorsof
different height.The windows createseparateness.It is achievedthroughcarefully
designedlightingin the interiorandattheboundariesbetweeninsideandoutside.
Figure3-68A windowtotheoutsideintheRioGrandeNatureCenter(Millet 1996p103)
Figure3-69Theinteriorof theRio GrandeNatureCenter(Millet 1996p102)
Similar illusionsdefinetheartof JamesTurrell. As mentionedbefore(in 2.3.2)
Turrell, in his artworks,triesto deceiveor trick thehumanperceptualsystemwith the
helpof light.He createdmanyinstallationswhich seemto bepicturesor planeson the
wall, but which in fact arethree-dimensionalspaces.I1taris one of his installations,
whichappearsas a flat graypanelhungon a wall thatis very luminous.In fact it is a
holeonthewall or a gateto theroombehindthewall. Herelightmaterializessomething
thatdoesnotexist.To achievethiseffectthe light levelsof thetwo roomsarebalanced
accordingto their sizes and proportions.Illumination levels must be very low for
achievingthatkind of effect.Color is alsoa tool, usedto realizethesekindsof illusions.
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The light modulesareplacedon to thethreewindowsanddaylightcastsimages
from color filters and reflectors on to translucentscreens,hung inside the three
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Figure 3- 69 The interiorof theRio GrandeNatureCenter(Millet 1996p102)
Similar illusionsdefinetheartof JamesTurrell. As mentionedbefore(in 2.3.2)
Turrell, in his art works,triesto deceiveor trick thehumanperceptualsystemwith the
helpof light. He createdmanyinstallationswhich seemto bepicturesor planeson the
wall, but which in fact arethree-dimensionalspaces.Iltar is oneof his installations,
which appearsas a flat graypanelhungon a wall thatis very luminous.In fact it is a
holeonthewall or agateto theroombehindthewall. Here lightmaterializessomething
thatdoesnotexist.To achievethiseffectthe light levelsof thetwo roomsarebalanced
accordingto their sizes and proportions.Illumination levels must be very low for
achievingthatkind of effect.Color is alsoa tool, usedto realizethesekindsof illusions.
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Figure3-70Iltar,JamesTurrell(http://www.arc.cmu.edu/portfolio/v/documents/light/)
Figure3-71lItar,JamesTurrell(http://www.arc.cmu.edu/portfolio/v/documents/light/)
The D.E. Shaw Company in New York, designedby StevenHoll in 1992
consistsof spaceswhere insideand outsideare separated.The receptionareaof the
buildingshowsHoll's wayof perceivingarchitecture.In hisbookAnchoringhesays:
"...If we considertheorder (theidea)to be theouterperceptionand the
phenomena(theexperience)tobetheinnerperception,theninaphysicalconstruction,
outerperceptionandinnerperceptionareintertwined.Fromthispositionexperiential
phenomenare the materialfor a kind of reasoningand thatjoins conceptand
sensation.Outerperceptionandtheinnerperceptionaresynthesizedin anorderingof
space,lightandmaterial..."(Holl 1989p11)
The receptionroomhasno visualconnectionto theoutside. Light alsodoesnot
enterdirectly into theroom.Holl set interiorwalls parallelto theexteriorwalls. Light
beingreflectedandcoloredentersfromtheslitsbetweentwo parallelwalls.
Figure3- 72ChapelofSt.Ignatius,StevenHoll,Seattle(http://www.walrus.com/-sha/)
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Figure 3- 73 D. E. Shaw& Co Offices, New York (http://www.walrus.com/-sha/)
Figure 3- 74 D. E. Shaw& Co Offices, New York (http://www.walrus.com/-sha/)
3.2.2.3.DIFFERENTIATING SPACES THROUGH LIGHT
It is possibleto characterizedifferentplacesthroughlight in a totalspace.It is a
kind of classificationderivedfromthefunctionaldifferences.Light hereagainis a tool
thatestablishesthespatialrelationsandthedynamicsthatareneededto experiencethe
space.
That is achievedin theRovaniemiLibrary in Finland, designedby Alvar Aalto
In 1963.The library consistof severaldifferentareaswith distinctfunctions,suchas
circulationcorridor,informationdesk,libraryhall,andreadingarea,which arein a total
space,whereno separatingwalls exists.The differencesin functionsis stressedwith the
lightingdesignsof bothnaturalandartificial light.Thecirculationcorridoris definedby
a line of artificial lightsources.
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Figure3- 75 RovainamiLibrary, Alvar Aalto (http://www.iit.edu/libraries/grc/architects/aaalto.html)
Figure3- 76 Sectionshowingtheskylights(http://www.iit.edu/libraries/grc/architects/aaalto.html)
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The informationdesk and the readingareahavetheir own skylightsthat are
orientatedin theoppositedirectionsso theycould havedifferentamountsof light that
createthe brightnessdifferences.The rest place is the library hall, illuminatedby
artificial light sourcesthatareplacedrandomlyanddiffer fromthe lightsourcesin the
corridor.
The La TouretteMonasteryin Lyon, France,designedby Le Corbusierin 1952,
owes much to light. A similar effect of light that differentiatesthe space can be
observedin the sanctuary.The sanctuaryis rectangular,with an additionof a piano-
shapedroomthatconsistsof theChapelof theHoly Sacramentandprivatealtarsbehind
it, on the northwall. Nearly half of the sanctuaryon the westside is reservedfor the
choir of monks.The dimnessis brokenby a light cannonaboveandbehindtheseating
placesof themonksareslits, wheredaylightenterssoftly in severalcolors in orderto
provide light for reading.The Chapel of the Holy Sacramenthas a totally different
lightingquality as beingthe brightestpartof the sanctuary.This is achievedby three
light circular cannons,which are paintedin threedifferentcolors. The eastwall of
sanctuaryalsodiffers fromthegeneraldim atmospherewith a slit from floor to ceiling
thatmarksthepublicentrance.
r---'
, ,
--------_._-- <. ~
I I I I , t I• •• t ,
....djc;-.-----': - - :
I, I f
I' : __ i
~ -~ t I
r'" - - •I I
I __ 1
L, :
i
- Ii- - ,
!
r f~;' b
1.PrivateAltars
2.Chapelof Holy Sacmmcnl
3.Confessional
4. Main,\Itar
5. Choir pewsfor monks
6. Organ
7.Sacristy
8.Atrium
9.RelcctOlY
Figure 3- 77 Church levelplanof theLa TouretteMonastery
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Figure3-78Thewestwallof thechapelof La Tourette(http://arch.eu.edu/a/end/2423/slides.htm)
Figure3-79Interiorof thechapel(http://arch.eu.edu/a/end/2423/slides.htm)
3.2.3.USE OF LIGHT AS A MEANS OF DIRECTION
Human,as phototropic12beingsreactto light.Brightnessis thekey for creating
movementwith light. The brightestview in a spacecatchesones attentionfirst. In
architecturethe effect of phototropisminfluencesthe movementof peoplefrom one
placeto another.Experimentsshow that light is the strongeststimulusfor movement
amongthealternativechoices13•
According to William Lam orientationis a needfor humanbeings.Continuous
visual informationis requiredfor all physicalactivities,suchas walking, runningor
working. In a spacethe human mind searchesfor clues that give orientationfor
experiencing the inner atmosphere.When these clues are distorted or absent
(disorientation),theeffectcan beverydisturbinglike it is in theGuggenheimMuseum
of New York (Lam 1992p21-22).Light can fulfill thatneedwith an expertuse,when
theknowledgeof perceptualpsychologyis regardedduringthedesignstage.
12 The termcomesfromtheancientGreek.It means'to seeklight'. Scientistsusethe
term'phototropism'to designatethemovementof plantsandanimalstowardlight.
(Michel 1996)
13 Lots of experimentshavebeenmadeonthissubject.Oneof themis theTaylor and
SocovExperiment.For furtherreadings:P. Sengbush,'Phototropism',
http://www.rrz.uni-hamburg.de/biologie/b_online/e32/32b.htm
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Although the ability of light to attractattentionis often used to indicate
movement,there are many other cases in which its pointing-outability is utilized:
"...An obviousexampleis anauditoriumwherethecombinationof dimhouselightsand
brightstagelightsvirtuallycompelsattentionto thedoingson thestagewhile thestage
lightingitselfleadstheeyethroughtheactionofplay or dance... " (ReaandThompson,
1992p502)
3.2.3.1.LIGHT THAT CREATES A FOCUS
In general,high-brightnesslightingthatproducessharpcontrastsand sharply
definedoutlinesis moreforcefulthansoftlygradedlighting;evengradedlight increased
to thesamebrightness.Contrastcanbeusefulin pickingoutobjectsor areasfor special
attention,however it can also be disturbingwhen the attentionis paid to the wrong
places.In thecity, brightlylit monumentsarefocalpoints,suchastheClock Tower and
theMunicipality Building in izmir, andtheBosphorusBridge in istanbul.Floodlighting
(2.2.2) was developedfor the samereasonin the 1920's in America. Becauselight
drawsattention,eachof the commercialbuildingsbecamehighly lit, in orderto be a
focal point in thecity. Smallerstructurescanalso serveas focal pointsfor a regionof
thecity. The vaultedform, constructedof steelin HisaronUBazaarin izmir, createsa
brightpassageatnightthatdrawsattentionandencouragesa movementalongthestreet.
It is not only artificial light,but alsodaylightwhich cancreatea focus through
orientationandcarefuluseof materials.Again, brightnessandcontrastplaya majorrole
here.
In the Churchof Vuoksenniska,designedby Alvar Aalto in 1956,thealtarand
threecrossesbehind it are the focal points. In Lutheranchurchesthree things are
important:thepulpit,thealtartable,andthecross.In thischurchthesewereaimedto be
focused.In orderto achievethisAalto designeda lightcannon,formsof threeopenings
in differentsizes,overthepulpitandtwo light nicheson the northwall in the rightof
thealtar.The wall, theceiling,thealtarandthecrossesarewhite in color.Expressionis
realizedthroughthe shadows,castby the light of the light of the cannonand niches.
Electriclight also helpsto thateffectwith two incandescentlamps,mountedabovethe
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altartable.Otherpartsof thechurchhavea dim character,creatinga strongereffecton
thealtar.
Figure3- 80 ChurchofVuoksenniska,Alvar Aalto
Figure 3- 81 Light nicheson thenorthwall
AnotherLutheranchurchin Minneapolis,Minnesota,designedby Eliel Saarinen
in 1949utilizeddaylightin orderto achievea similareffect.Again thecross is a focal
point in this church.Light comesfromtheverticalopeningfrom floor to ceilingon the
left of thealtarandwashesthewhitecrossandthedarkbrickwall behindit. The cross
is madeof glazingbarsthatarecombineddiagonallyso thatit couldreflectthe light to
theworshippers(Millet 1996).Incandescentreflectorlampsaremountedin frontof the
sidewindow in orderto providethesameeffectatnight.
Figure3- 82The altarof theChrist ChurchLutheran,Eliel Saarinen
Figure3- 83 Side window which illuminatesthecrossbehindthealtar
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The Jewish Museum in Berlin, designedby Daniel Libeskind and opened
recentlyconsistsof severalmetaphors,which triesto describetheholocaustyearsand
thepainsof theJewish culture.The buildingincludesa tower,calledHolocaustTower,
which is thirtymetersin heightandbeginsundergroundfroma smalldoor.The interior
is absolutelydark,sothatoneneedssometimeto seeclearlywhile theeyeadaptsto the
darkness.The only openingis a slit thatis locatedabove,neartheendof thetoweron
the south fayade.If you look aboveto the slit, you get disturbedagainstthe glare,
causedby the total contrastof interior and exterior.Actually that kind of effect is
criticized, becauseglare is somethingthat is not wanted,since it threatensthe human
comfort.However discomfortis somethingthat is intendedin this space,in order to
makepeoplerealizethewildnessof theholocaust.
Figure3-84HolocoustTower,JewishMuseum(hgkarchive)
In the Kresge Chapel in MassachusettsInstituteof Technology Campus in
Cambridge,designedby Eero Saarinen,thealtarwasagaindesignedasa focal element.
An opening above the altar let light penetrateinterior space in a spotlight effect,
illuminatingmeanwhilethesculpture,formedof glazingparticleshungdowntheedges
of thecircularopening.The effectcanbeseenfromtheentranceandis so lively thatthe
altarservesalsoasa visual invitationelement.
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Figure 3- 85 KresgeChapel (http://www.bluffton.edu/-sullivanm/kresgec/kresgec.html)
The Metropolitan Cathedral in Managua, Nicaragua, designed by Ricardo
Legorreta is anotherexamplewherethe use of light that createsa focus. The dome
structure in the memorial hall has small circular openings on its surface. Light
penetratingthroughthemturnsintoa linearspoteffectin the interior.Arising fromthe
form of thedomeeachlinearspotlightrunsintosamething,thesculptureof Christ in a
glasslanternlocatedin themiddleof thehall.
Figure 3- 86 MetropolitanCathedral(AD 67)
Evry Cathedralin France,designedby Mario Botta is also a placewhere light
playsa major role in spatialrelationships.Light penetratingfrom the skylightabove,
createslight,andsemi- lightareasbycarryingthestructuralreferencesof theskylightto
thebrick walls. The effectson thewalls areso adjustedthatit pointsout somethingin
the interior:the altar.The interiorhas a generallevel of brightness,exceptthe light
figureson the walls and the altar.The brightnessof the altar is heightenedwith the
diffusedlightenteringbehindit. Besidesthebrightnessof thealtar,thedirectionsof the
97
figures on the walls make it a focal point. That IS an indirect relation, like the
informationsignsin a building.
Figure3- 87EvryCathedral(AD 67)
The installationof Maurizio Nannucci 'Mehr als dasAuge sehenkann-More
thanmeetstheeye'triesto createa relationshipbetweenthepassengerandstructuresof
urbanworld.This installationhasbeenheldseveraltimes.Lasttimeit was in Munich in
1999attheEuropeanPatentOffice.
Figure3- 88MehralsdasAugesehenkann,Munich(hgkarchive)
Figure3- 89Morethanmeetstheeye,Wien(http://art.dada.it/nannucci/body.html)
3.2.3.2.LIGHT THAT ENCOURAGES MOVEMENT
There are varying reasonsfor the feeling of movement,encouragedby light.
Brightnesscanbea reason.As mentionedbefore,peoplepreferto moveto thebrightest
view in a scene.Brightnessis a designcomponent.Designersmustdecidethebrightest
areasin a space,accordingto the intendeddynamicsof space.High contrastcan be
anotherreason.That contrastcan be in color, size or brightness.Patternalso actsas a
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focal stimulus. Architectural environmentsare full of patterns.Windows, walls,
sidewalks,andso fortharepartof the patternedarchitecturalenvironment.A dominant
patterncancreatea differentidentityanddrawattention.
Figure3- 90FreieKirche,Frankfurt,richpatternattractsattention(hgkarchive)
Figure3-91ScalaRegia(http://www.tulane.edu/lester/text/)
The architecturalform or the form of the surroundingcan also heightenthe
feelingof movement.For example,to puta framebetweentheviewerandvisualobject
makesthe object appearmoreeffective.Lou Michel givesan exampleof framing in
creatinga focal point.He describestheScalaRegia in theVatikan:
"...Arrivingat its base,theobserverthendiscoversanothervisualobjective,
whichinturnattractsattentionupthestairsof theScalaRegia.Toachievethis,Bernini
covered(anddarkened)theentirestairwitha barrelvault,butbroketheexcessive
lengthof the ascentby insertinga windowand landingat midpointwherelight
interruptsthedarkness.Underthevaultof thesecondstage,thestairdimsagain.At the
endof thespace,a stainedglasswindowbreaksthedarknesslikea beaconofcolored
light.TheConstantinesculpture,themidlanding,andthewindowareeachdominated
by light. Theyforcefullyrhythmicallydraw the eyeto thosepivotal locationsin
space..."(Michel 1996p2IO)
The motivatingfactorof movementcanalsobethearrangementof theartificial
light sources,like in the Neue Staatsgalleriein Stuttgart,designedby James Stirling.
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Ie informationdesk is a rotundalocatedon the left of theaxis betweentheentrance
d staircases.In orderto drawattentionto the informationdeskartificial lightsources
~usedontheceiling.The interiorof therotundais alsobrightto influencemovement.
ure3- 92 Neue Staatsgalerie,Stuttgart(hgk archive)
The Jewish Museumin Berlin canbegivenasanotherexample.The linearlight
freeson theceiling formtheroutefor thevisitor in themuseum.In certainlocations,
h as at the holeson the turningpointsof thezigzag form, the linear light sources
reasein sizeaccordingto thesizeof thepathsaroundtheholes.
Figure3- 93 Jewish Museum,Daniel Libeskind (hgk archive)
Figure 3- 94 Jewish Museum,Daniel Libeskind (hgkarchive)
In theJewish Museumthemainstaircaseto thegalleriesfromthebasementfloor
n importantpart of the building, where the designertried to createa metaphor.
:skinddescribesthe staircaseas 'a pathto the illuminatedfuture,where no pain
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exists'.He benefitedfromdaylighthere,in orderto realizethismetaphorandcreateda
feeling of movementin the staircase.Light entersfrom a slit aboveand washesover
partsof the staircasevoid. That causesa greatbrightness,which is the reasonfor the
feeling of movement.Returning from the galleries, the viewer is confronted by
darkness,creatingfear and hesitation.However,this is the only way to getout of the
building, which seems an intendedpart of design, like all the other disturbing
experiencesin thebuilding.
Figure3- 95Staircasetothegalleries,JewishMuseum(hgkarchive)
Figure3-96Staircase,JewishMuseum(hgkarchive)
The Camino Real Hotel in Ixtapa,Mexico, designedby Ricardo Legorretain
1981providesan atmosphereof light and color. In the corridor he framedthe light
sourcesin boxesso thatthey createa patternof light on the floor and ceiling. That
createsa rhythmof brightnessandencouragesmovement.RicardoLegorretais famous
for his creationsof architecture,wherelightandcolor areessentialpartsof design.He
believesthatlight is a fundamentaltool in achievingspatialdynamics.A poemof him is
quotedbelow in orderto discusshisopinionson lightandspace:
"Light andspiritualitygo together
Light andarchitecturego together
Lightgivesvaluetowalls,windows,materials,textures,andcolors.
During hours,days,andseasons
It changesspace
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And is afundamentaltoolfor shapingour emotionalresponse.
Light, bothnaturalandartificial, cannotbe ignored
Nor usedwith a technicalmind.
Light belongsto theheartandto thespirit..." (Legorreta1990p43)
Figure 3- 97 CaminoReal Hotel (Legorreta1990)
The installationof Maurizio Nannucci held in Munich in 1995explainshow
brightnesscan influence movement.The long corridor, blue in color, with a dim
atmosphereis lit by recessedlinearfluorescentsourceson the left side.The capitalsof
light on the floor cause curiosity. However, the most effective componentof the
installation,thatcreatesmovement,is theverybrightlightattheendof thecorridor.
Figure3- 98 Noits opposedartseestradesopposition,M. Nannucci, Munich
(http://art.dada.it/nannucci/body.htmI)
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A very similar useof light is in the staircaseof thePawsonHouse in London,
designedby John Pawson.
Figure 3- 99 PawsonHouse(AD 67)
Figure 3- 100Bergama(FOL 9)
Figure 3- 101Alte Pinakothek,Munich (hgk archive)
Figure 3- 102La Villette atnight,BernardTschumi, Light definestheway (Thomsen1994p170)
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3.3. A GRAPHICAL ANALYSIS ON EFFECTS OF LIGHT IN
SPACE
CONNECTING SPACES THROUGH LIGHT
The visual connectionbetween spaces is an importantrequirementfor
experiencingspace.Supplyingtheabilityof seeing,which is a mustfor perception,is
not the only requirement,besidesthe fluidity and smoothnessare neededbetween
spacesfor visualcomfort.Light is a powerfultool for thatkindof connectionbetween
spaces.The key lies in creatingthe equallightinglevelsbetweenspaceswhich is
wantedto beconnectedeachother.Exteriorspacesarealwaysbrighterthantheinterior
spaces,sincetheexterioris undertheeffectof directsunlight.This greatdifferencein
the lightinglevelsof interiorandexteriorcan be reducedthrougha sensitivedesign
process.It is possibleto softenthetransitionbetweeninsideandoutsideby controlling
thepenetrationof lightintospace.
greengrassreducesthe
reflectivityof ground
flora preventsinteriorfrom directsunlight./
lightingj,rradient
Figure3- 103Useof flora for lightingcomfort
The mosteffectivewaysare to useshades,louvers,bafflesandlight shelves.
Light to the interiorcomesnot only fromhe sunabove.The reflectedlightfromthe
groundcould be accountfor morethanthe half of the total amountof light in the
interior.The reflectedlight could causeglarein someconditions,which is themain
reasonof visualdisabilityin space.The reflectivityof the groundaroundthe space
couldbereducedthroughgreengrassor waterelement.
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Figure3- 104Illuminationgradientdifferencesaccordingtothematerialof thesurrounding
Color also is important,sinceit determinesthereflectivityof theboundariesof
space.Lightercolorshavea high levelof reflectancethandarkercolors.Color could
helpby makingthe illuminationgradientstablethatmeansthe lightinglevelcouldbe
constantin theinterior.
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It is alsopossibleto reflectdaylightin anotherway.Theopeningscanbeformed
illa shapethat theyreflectlight towardinterior.Openingsfor thatpurposecan be
coveredwith materialsof high- reflectanceand this would increasethe amountof
reflection.
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Figure3- 107Reflectingdaylight
directsunbeam
windowat
seatedcyc
height
concavespeculareflector(to
reflectlightdeepintothespace)
metalcollector(toconcentrate
andreflectlighttowardconcave
reflectorabove)
Figure3- 108Reflectingdaylight
Artificial lightalso couldhelpby makingthe illuminationgradientstable.The
amountof lightdecreasesat partsof spacethatis far fromtheopenings.Artificiallight
fixturescanbeusedin additionto daylightin orderto increasethelevelof illumination
attheseparts.
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Figure3- 109Lightinggradientdifferencesaccordingto illuminationtype
Courtyardscan serveas effectivedesigntypologiesfor connectinginsideand
outside.Thebrightlightcanbesoftenedthroughfloraandotherarticulationsin orderto
reachapproximatelyequallevelsof illuminationintheinterior.
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Figure3- 110Connectingspacesthroughuseof courtyards
Thesizeof theoverhangsplaysacrucialrolebyconnectionandvisualcomfort
of space.
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Figure3- III Shortoverhang
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Figure3- 112Wideoverhang
Insidespacesalsocanbeconnectedthroughlight.A spacewithno openingscan
be illuminatedwithconnectionsto a spacewithdirectaccessto daylight.Light canbe
barrowedfroma spacein orderto illuminateanotherone.In thatkindof articulationthe
openingsattheboundariescanbeconstitutedasan importantdesignproblem.Herethe
aimmustbeto letpenetrateasmuchlightaspossiblethroughtheopenings.Thesizesof
the openings,constructiondetailsand materialsare important.The parts of the
openings,whichareon the sideof the directaccessto daylight,canbe shapedin a
mannerthatallowsmuchlightto penetrateto thespacebehind.Theopeningscanbe in
lightercolor so that the levelof reflectivityincreasesor theycan be coveredwith
materials,whichhasahighervalueof reflectance.
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SEPARATING SPACES THROUGH LIGHT
Light againcan be used,when a separationneededill a space.Sometimes
separationcould be the mainintentionin orderto createdesiredspatialeffectsor it
couldbea resultof a needfor controllingthedaylighto createthespatialcomfort.It
easyto saythattwo spacescouldbe separatedby creatingtheunequalightinglevels.
Therearevaryingwaysof separationwherelightplaysthemainrole:
. Controllingthedaylight
· Outerwalls
· Brise-soleils
· Ondulatories
· Diaphragms(thetechnologicalwayof controllingdaylight)
. Spatialeffects
· Illusions(anintensionof fakingthehumanperceptualsystem)
· Light modules(technologicalequipmenthatcreatesimageson transparent
surfaces)
Color playsan importantrole in all thesekindsof separation,especiallyin the
waysthatareusedfor spatialeffects.
Figure3- 114Separationwithouterwalls
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Figure3- lIS Sketch
DIFFERENTIATING SPACES THROUGH LIGHT
It's possibleto characterizedifferentplacesthroughlightin a totalspace.It is a
kind of classificationderivesfromthe functionaldifferences.Light hereagainis a tool
thatestablishesthespatialrelationsandthedynamicsthatareneededto experiencethe
space.In orderto createdifferentaurasin a totalspacethroughlight,differentlighting
qualitiesneedto be generated.The functionalrelationsandthe bodyof spaceis the
basisfor the lightingdesign.The unionof daylightand artificiallight could leadto
pleasantsolutionsin thatkindof an intentionin space.Distinctioncouldbecreatedby
changingthe:
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· Illuminationtype
· Daylighting
· Artificiallighting
· Illuminationsystem
· Directlighting
· IndirectLighting
· Perceivedilluminationform
· Point
· Line
· Surface
· Volume
· Lamptypes
· Brightnessratio
· Color
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Figure3- 119Differentiatingspacethroughlight
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USE OF LIGHT AS A MEANS OF DIRECTION
Orientationis an importantfactorby experiencingspace.This requirementcan
beachievedby meansof lightin severalways.Thehierarchicalorderin a spacecanbe
stressedwith thehelpof light,continuousvisualinformation,whichis alsoa necessity
for humanactivities,canbecreated.In pointof fact,thefeelingof directionis in lights'
basis.Humanas a phototropicbeing,reactto lightandfollow it. This is an important
clue for illuminatinga space,whena focalpointor movementis desired.Thereare
severalwaysof creatingthefeelingof directionthroughlight,bothnaturalandartificial.
· Brightness
Peoplepreferto moveto thebrightestviewinascene.
· HighContrast
Contrastcanbe in size,color or brightness.For examplewashinga wall with a warm
coloredlightin a softilluminatedspacecouldattractattention.
· Arrangementof thelightsources
Artificiallightsourcescanbearrangedin a waythattheyformanorderor theycreatea
focusonanobjector a partof space,whichinfluencesmovement.
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Figure3- 120Creatinga focusonanobjectin spacethroughlight
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CHAPTER 4
CONCLUSIONS
Artificial light that is developedin thetwentiethcenturyhasan effective
roleonthetransitionprocessofspace.
Light sourcesand lightingtechniqueshavetodaydevelopedinto a rich and
complexworld wherethemanipulationof artificiallighthasevolvedinto a profession
of its own. This evolution,causedby technologicaladvances,has enhancedthe
illuminatedworldof architecturebycreatingsurprisingandsensitiveinteriors.
Theadventurehadbegunwiththeinventionof thelightbulb,andit standstoday
on a vast platformof abilities,where anythingis possible.Through the century,
artificiallighthasbeenusedasaneffectivetool in orderto changetheritualsof space.
It hasbeenan inspiringtool for thefuturistswho triedto foresighthespatialconcepts
of thefuture.The presentsituationof lightingfieldandlight-basedtechnologieseems
to verifyandsupporttheseideascreatedin thepast.It wouldnot be anexaggeration
evento mentionthattheseideaswerebeenpassedoverby thepresenttechnologies.
Termssuchas holographyandmediarchitecturearedeferentiallyinvolvedto thenew
understandingsof articulatingspace.It is hardto prudencethe futureof spacefrom
now,but it is for surethatlightandlight-basedtechnologieswill continueto bea part
of it asinspiringtools.
Light coulddeterminetherelationsbetweenspaces,individualandobjects
asaninfluentialtoolforarchitecture
It is possibleto createspatialrelationsthroughlight, whenit is manipulated
consciously.As anessentialpartof space,lightbothnaturalandartificialcouldcreate
intended ynamicsin space.It is notmeantto statethatconsciousdesignis thereason
thatresultsat thispoint.Thisabilityis in light'sbasis.It is alsopossibleto seethatkind
of effectsof lightin nature,whichis nota human-designedpartof theworld.However,
thispotentialof lightis usuallydisregarded,whichseemasa lackof sensitivity.
Knowingthepeculiaritiesof lightwill helpin controllingtheauraof thebuilt
environmentandin creatingintendeddynamicsin space.Light is activelyinvolvedin
everypartof architecture.It is theundeniableingredient,andthebasiccomponentfor
the spatialcreation,sinceit determinesthe visualrelationsby makingthingsvisible.
More importantly,it acts as a designelementand rendersspatialarticulations.
Technologyhas alwaysbeenan influensiveand improvingeffecton light, and the
cooperationof lightandtechnologyseemsto haveinvolvedamongthe impactsof the
creationof newarchitecturalconceptstoday.
As mentionedbefore,light is an impressivetool for the creationof intended
dynamicsin space.It has a reciprocalrelationwith form, structure,and otherbasic
componentsof space.Light illustratesformandstructure,andthesespatialcomponents
defineitsphysicalimitsandqualityin space.Theydialecticallyrendereachother.
It is easierto realizeof theimportanceof lights'characteristics,andtheinterplay
of it with spacethroughexperiencingarchitecture.It is possibleto connector separate
spacesbothinteriorandexteriorthroughuseof light.Lightcouldalsocreatedirectional
relationsin space.Onecanattractattentionto a desiredpartor anobjectina space.It is
evenpossibleto createmovementhroughuseof light.Todayonecancoloror texture
the beamdue to the advancesof technologyand it is possibleto changea space
perceptuallyto an intendedcharacter.All of theseeffectivecharacteristicsof lightshow
thatit is animportantdatathatmustbeinvolvedinthedesignstageof architecture.
Lightinghasan interdisciplinarycharacter,which is definedby design,
engineering,andpsychology.In ordertoachievegoodlightingdesignandenhance
thespacein termsofquality,thesedisciplinesmustworkin cooperation.
Light engineeringthatmadetheagendain thetwentieswiththedevelopmentof
lightingindustryhas broughtwith it its own rules and principles,which standon
quantitativebasicsand which are not much relatedto requiredconceptssuch as
perceptualpsychology.Lightingwasconsideredonlyas a problemin quantity,andnot
as a problemof qualitythatmustbe integratedwith architecture.A good illuminated
environmentcannotbe definedonlywithquantitativeterms.Qualityshouldhavemore
importanceoverquality.
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Sincearchitectureis an art of experiencing,definedby a unionof conceptsof
severaldisciplines,otherconcepts,whichare deeplyconnectedto the humanspirit,
mustalsobetakeninto consideration.Lightingis a subjecthatrequiresknowledgein
engineering,psychologyanddesign.
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GLOSSARY
Afterimage visualeffectthatoccursafterstimulusis removed
Bame opaqueelementusedto blockdirectsunbeamsandcreateshadeontransparent
surfaces
Binocularvision visionbybotheyes
Borrow light illuminatinga spacewithoutany accessto daylightby meansof
openingsto a spacewithdirectaccessto daylight
Brightness subjectiveimpressionof lightreachingtheeye.Subjectivebrightnessdoes
notvarydirectlywithmeasuredbrightness
Brightnessratio ratiobetweentwomeasuredbrightnessesof twoelementsin a visual
field
Brise-soleil panelusedforblockingdirectlight.
Bulb outerenvelopeof lightsource,usuallyquartzor glass
Candela quantityof lightreflectedfromor transmittedthroughanobject
Chroma purityor saturationof color
Color contrast relationshipbetweenthecolorof anobjector areaof interestandthat
of itsimmediatesurround
Contrast relationshipbetweenbrightnessor colorof anobjectanditssurrounding
Cornice lighting lightingfromsourcesbehindpanel,paralleltwo wall,andattached
to ceiling.Lightis distributedoverwalls
Cove lighting lightingfromsourcesshieldedbymolding,ledge,or horizontalrecess.
Light is distributedoverupperwallsandceiling
Crystalline Architecture theworksof an informalgathering,whichrespectto the
ideasof PaulScheerbartaboutlightandarchitecture
Dark adaptation processby whichretinaadaptsto luminancelessthanabout0.01
candela.Completedarkadaptationcantakeuptoonehour
Diaphragm a deviceusedto controltheinteriorlightlevelaccordingto theseasons
andtimeof theday.
Directglare glarecausedbybrightsourcedirectlyin fieldof vision
Discomfortglare glarewhich is distracting,annoying,or uncomfortablebutdoesnot
significantlyreducetheabilitytoperformvisualtasks
Downlighting lightingwithasma1llightingfixturewhichdirectslightdownwards
Fiberoptic a way of transmittinglightthroughlong flexibleglassor plasticfibers,
usingtheprincipleof totalinternalreflection
Flood lighting washingthe facadesof a buildingfromoutsidewith powerfullight
sources
Fluorescentlamp dischargelampthatemitselectronarc streamfrom cathodesat
ends.Fluorescentphosphorcoatinginsideof bulb transformsultravioletenergyinto
visiblelight
Gamma movement perceivea brighterobjectcloseramongothers,althoughall the
physicalfeaturesareequal
Glare harch,uncomfortablybrightlight sourceor reflectionwhich interfereswith
visualperception.Light fromthewrongplaceat greaterbrightnessthanthatto which
eyesareadapted
Ground light lightfromsunandskyreflectedbygroundcover
High-intensitydischargelamp (HID) dischargelampwhichpassesa high-pressure
electronarcstreamthrougha gasvapor.Examplesaremercury,metalhalide,andhigh-
pressuresodiumlamps
Hologram apieceof filmonwhichinformationaboutlightwaveshasbeenrecorded
Holograph anassemblyof mirrorsandlenseswith laserlightusedfor displayingthe
informationrecordedonhologram
Hue classificationof color.Red,yellow,green,blue,andpurplearetheprimaryhues
intheMunsellcolorsystem
IUuminationgradient graphicrepresentationof variationin illuminationlevelsalong
anaxisof measurement
IUuminationlevel quantityof lightwhichreachesa surface(lux)
IUusions sometechniquesfor lightuse,whichaimsto fakeviewersperception
Incandescentlamp lampin whichlightis producedbyheatingfilamentby meansof
anelectriccurrent
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Incandescentoutlining a way of illuminatinga buildingat nightby meansof
incandescentlightbulbs,usedatthebeginningof the20thcentury
Incident light lightwhichfallsontoa surfaceor object
Indirect light lightingachievedbyreflection,usuallyfromwallandceilingsurfaces.
Laser a lightsourcethatproducescoherentlight,whichmeansit is of onecolorand
wavelenght
Lens shieldingor diffusingportionof fixturewhichcontrolsluminanceanddirects
light.
Light architecture architecturethar conceiveslight as a buildingmaterialand
incorporatesit purposefullyinoverallarchitecturaldesign
Light as art techniques techniquesusedfor spatialeffects.Thesecanbeclassified
intothreecategoriesashardware,kineticeffects,andillusions
Light module devicethatcausesa separationbetweeninsideandoutsidebyproducing
imagesontransparentsurfacesaccordingto thetimeof theday.
Light pipe hollowacrylicsquarewithopticalripson itsexternalsurface.It cancarry
lightto adesiredplaceor canbea glowingfixture.
Linear illumination to createanaurawheretheilluminationis perceivedasa line.
Thereasoncanthearrangementof thelightsources,thelightsourceitself,or theoutput
of thelightsource.
Louver seriesofbafilesusedto shieldlightsourcesfromviewatcertainangles
Lumia thecoloredresponseof lightto soundwaves
Lunette thinslitonthewallthatletsdaylightpenetrateintospace
Mirror adeviceusedfor redirectinglight
Neon lightsourcein a tubularformthatlightsup whentheneongasis ionizedbythe
passingelectriccurrent.The color thatit producesis red.Othergasessuchas xenon,
argon,andkryptoncanbeused
Night architecture termusedfor the resultof illuminatingarchitectureat night,
cameto theagendain the 1920's,aftercitiesgaineda newcharacterthroughartificial
lightuse
Ondulatory apanelusedforblockingdirectlight,alsovisualaccessto outside
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Phototropism attractiontowardlight
Point illumination to createanaurawherea lightsourceperceivedindependentof
thecontext,withoutanintentionof focusingona surfaceor illuminatingvolume
Projector a lightingunitwhich,by meansoflensesandmirrors,concentrateslightin
a limitedangleandintensifiesit.
Rainbow aneffectof lightthatit is dividedintoprismaticolors.
Reflectance percentageof incidentlightonsurfacewhichis reradiated.It dependson
angleof incidence
Reflector a deviceusedto redirectlightfroma source
Searchlight powerfullightsourcethatcanproducelinearbeams,designedas a anti-
aircraftlightsin II. WorldWar.
Skylight openingin roof, glazedwith transparentor translucentmaterial,for
daylighting
Specular havingthereflectivepropertiesof a mirrorwhereangleof incidenceis equal
to angleof reflection
Stimuli objectof interest
Streamlining a wayof usinglight in interiordesignin 1930's,in theyearsof Art
Decoperiod.Framingobjectwithlightbulbsinorderto makeit theobjectof interest
Texture patternof highlightandshadow
Toplighting lightingfromskylights,clerestories,andlightwells
Uplighting lightingwitha smalllightingfixturewhichdirectslightupwards
Value lightnessor darknessof color,measuredby scalefromperfectwhite(10)to
perfectblack(0)
Volumetric illumination to create uniteralilluminationin spaceby eliminating
brightnessdifferences
Wall washer lightsource,locatedcloseto wallplane,whichdistributeslightonwall
Wavelength distancebetweentwo similarpointsof givenwave.Unit of measurefor
wavelengthsof lightisthenanometer
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